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Chapter 1 
INTRODUCTION 
If persons are confronted with the task of reacting as quickly 
as possible to two more or less simultaneously presented signals, 
in most cases a delay in the processing of the later presented 
signal will occur. One may regard this as a phenomenon in its own 
right. The history of the topic psychological refractory period 
does, however, show that the phenomenon has acquired wider 
implications. It has led to the question of whether intermittency, 
single-channelness, limited capacity and the time course of 
preparation are in fact universal characteristics of human 
sensorimotor functioning. In our view, this emphasis on unravelling 
processing aspects of behaviour reflects a development that runs 
through the whole of experimental psychology. 
Since 1950 there has been a renewed interest in perception, 
language, motivation and emotion; the psychology of learning has 
been given a strong impulse from cognitive notions; and as far as 
our own field is concerned, people such as Fitts, Broadbent, 
Mackworth, Welford and various others have broken with the fashion 
of countless factor analyses of psychomotor tasks by breathing 
new life into research on information processing. We have 
deliberately used the expression "breathing new life", for about 
100 years earlier, Johan Jacob de Jaager (I865) published his 
dissertation entitled De physiologische tijd bi.j psychische 
processen (Physiological time involved in psychological 
processes) which, in surprisingly modern formulations, reports 
on a series of investigations concerning time estimates for 
components in the processes of stimulus assimilation and response 
selection. De Jaager himself has not become so well known through 
his work: much better known is his teacher Donders. 
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Rightly so, for according to both De Jaager's own report and that 
of Donders in his 1868 publication, it was Donders who had the 
ideas and led the research. The importance of the work of Donders 
lies in the fact that he was one of the first to investigate, 
by means of empirical methods, what we would call the "anatomy of 
the mind". Donders is explicit in his opinion that the analytical 
method of the natural sciences must be applied, albeit with 
restrictions, to mental processes. His working method has become 
known as the subtraction procedure. Setting out from a 
physiological model of the sequence of events between stimulus 
input and response output (where he distinguished 12 steps) 
Donders tried to obtain estimates of the duration of separate 
mental components. 
"The idea occurred to me to interpose into the process of the 
physiological time some new components of mental action. If I 
investigated how much this would lengthen the physiological time, 
this would, I judged, reveal the time required for the interposed 
term." (translation by W.G. Koster in Koster, I969, p. 1*18). 
The subtraction method employed consists in this, that by 
comparing experimental conditions with and without certain mental 
operations an estimate of the duration of this component is 
obtained. Take as example what were later named Donders a-reactions 
and b-reactions. The difference between both conditions is that the 
condition with a-reactions demands only the detection of one stimulus 
and the mobilization of one respons whereas in the case of 
b-reactions the subject must each time recognize one out of a set of 
more sximuli and react to it with the appropiate response. In 
the latter case, so Donders reasons, there is an added decision 
component. The results of his experiments did indeed show an 
increase in reaction time, e.g. lié milliseconds in the case of 
letter recognition. 
In our opinion. Donders's work deserves attention in the present 
introduction because the research we wish to present is an attempt 
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at eludicating mental components of reaction processes, a study-
strongly influenced Ъу the research strategy that he initiated. The 
relation between the work of Donders and present-day development is 
indeed not a direct one. In the period preceding the Second World 
War, the investigation of sensorimotor skills had produced 
relatively few fresh insights. The involvement of the U.S.A. in the 
war gave rise, however, to a strong intensification of research in 
the field of motor skills. The emphasis lay on the study of 
individual differences in test performance. The motives for this 
type of investigation were chiefly ergonomie ones. There was a 
search for a means of predicting the chance of succes after a 
training for such complicated skills as flying aircraft. The U.S. 
Air Force Program may be regarded as the most elaborate research 
programme in this field (see e.g. Fleishman, 196?)· However, we may 
not brand authors such as Guilford (1958) and Fleishman (e.g. 1953, 
195^, 1966, 1967) as being merely pragmatists. Guilford has 
seriously attempted to draw up a taxonomy for psychomotor tasks, 
analogous to his Structures of Intellect. The empirical criterion 
for grouping was the covariance of tasks in correlation studies. 
Guilford believed that the known task clusters allowed of a 
classification into a theoretical two-dimensional scheme, which on 
the one hand took "part of the body involved" and on the other hand 
"ability type" as the criterion for classification. The "body parts" 
he classifies are Gross Body, Trunk, Limbs, Hand and Finger; the 
"ability types" are : Strength, Impulsion, Speed, Static precision, 
Dynamic precision. Coordination and Flexibility. All the 
"abilities" already ascertained or yet to be found can, in Guilford's 
opinion, find a place in his classificatory system. It is difficult 
to make objections to this as long as the system is used as a means 
of classifying psychomotor tasks. Whether there is practical 
relevance in the distinction between the dimensions is a question 
that must be settled by investigation. In view of the prevailing 
scepticism about the prediction of complex psychomotor proficiency, 
the results are not impressive. Indeed, one meets with great problems 
if one hopes to discover independent components of psychomotor 
behaviour on the basis of factor analyses of psychomotor tasks. 
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Fleishman has shown great optimism in this matter, but the optimism 
vas misplaced. In practically no factor can we recognize anything of 
the theory stating that with respect to skills we are concerned 
with output processes on the basis of input and control. The 
emphasis lies entirely on motor aspects. As far as perceptual 
aspects are included in the analyses at all, they are set apart 
as non-motor factors. If the balance is made up of how much the 
test approach has added to our knowledge of the elements of 
psychomotor behaviour only a minimal credit result shows up. One of 
the reasons for this, as we see it, is that before one can begin 
to design psychomotor tests, one needs a model of psychomotor 
behaviour. 
The information-processing approach to motor skills which was 
especially introduced by English and continental investigators 
(e.g. Welford, Broadbent, Sanders) is, in our view, a return to the 
course set out by Donders. In the search for component processes 
(Sternberg, I969) experiments on psychological refractory period 
played an important role. Research with this paradigm led to the 
discovery of a main feature of the human information-processing 
system; i.e. single-channelness. The Single-Channel concept 
certainly has contributed to the elucidation of the relation between 
perception and motion. It did, however, not give an answer to all 
questions. Especially there was little discussion about the 
problem of whether the concept was applicable to all kinds of 
information processing. Of great importance to our own approach 
of the topic was the notion brought forward at a symposion in 
Boston (Trevarthen, I968) that in information processing distinction 
should be made between two, also phylogenetically different, 
modes of perceptual functioning. We shall postpone the details of 
this distinction until Chapter 3. For now it will suffice to mention 
that the theory proposed by Trevarthen and others furnished the 
investigation into the role of perceptive components in reaction 
processes with a new opening. The consequence of Trevarthen's 
thesis was that specific theories and laws should be found for 
either of the modes of perception. 
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The discussions of the Boston group were, however, not explicitly 
devoted to the psychological problem of the relation between 
perception and motor performance. The participants of the 
symposium were in fact working on a biological theory on the 
evolution of the visual system. Trevarthen and in particular also 
Ingle regard ambient functioning as a stage in the evolution of 
the visual systemjthat precedes the development of focal processes. 
The former level they take as corresponding to those forms of 
information processing which are needed for locomotion and 
orientation with respect to the environment. The development of 
focal perception is thought to have taken place as late as and 
parallel to the development of predator behaviour, in which it is 
necessary for the organism to isolate an object against a background. 
Trevarthen's formulations contained for us the suggestion that the 
perception of place, velocity, acceleration, pressure and tactile 
surface qualities, occurring as component parts in so many 
psychomotor tasks, satisfies other lawful relationships than the 
perception of the identity of objects such as is the case in many 
tasks of a more cognitive tenor. 
We were especially intrigued by the question whether it would be 
possible to show that focal and ambient perception can be 
differentiated on the point of single-channelness. The 
relationship between perception and single-channelness will be 
examined theoretically in Chapter 3. In Chapter k empirical 
evidence will be offered in support of the statement that focal 
perception is characterized by a converging, single-channel 
structure, whereas ambient perception shows a more parallel 
organisation. In Chapter 5 and 6 we will pay attention to the status 
of feedback in relation to single-channelness. Here again we shall 
investigate the usefulness of the focal-ambient distinction. In 
Chapter 2 we shall introduce the theoretical backgrounds and the 
technique of the experimental paradigm also used in our own study 
by presenting a concise review of the literature on the 
psychological refractory period. 
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has been completed. For practical reasons, however, the duration of 
the reaction process is generally estimated from the time measured 
between the appearance of the signal and the time of letting go or 
depressing the button. We shall use the abbreviation RT for the 
estimated duration of the reaction process and TM for the measured 
duration of the motor component. When explicitly referring to the 
theoretical duration of the reaction process we use the symbol TD 
(time of the decision process). The subscripts 1 or 2 indicate 
whether the reaction is made to the first or to the second 
stimulus. In general, the required movements are of little 
complexity and one may therefore regard them without serious 
objection, as being constant. In most experiments, the subject 
reacts with his left hand to stimuli in the left half-field, the 
right hand performing the tasks presented in the right half-field. 
Double stimulation, then implies that the ISI between two 
successive stimuli presented to the one and to the other half-
field respectively is shorter than the time required by the 
subject to perform the first task. An experimental setup as 
described mainly affects the reaction time to the second signal: 
RT» is delayed and this delay increases as ISI decreases. This 
period of delay has become known in the experimental literature 
as the Psychological Refractory Period (PRP). This term has been 
coined by Telford (1931) who was one of the first to investigate 
the effects on reaction times to stimuli in rapid succession. He 
discovered that under sequential stimulation conditions the 
reaction times were considerably delayed with ISIs of 500 milli-
seconds. Telford believed that his results reflect a property of 
the central nervous system as a whole, a property that had 
already been known to be typical for single neurons: the 
physiological refractory period. The latter is in effect a short-
lived threshold elevation of the firing readiness of a neuron 
following a preceding state of activity. It has appeared later that 
such an analogy between the behaviour of the organism as a whole 
and the separate nerve cells cannot be upheld: the psychological 
refractory period is not a period of threshold elevation but one 
lit 
Chapter 2 
THE PSYCHOLOGICAL REFRA CTORY PERIOD IN THE EXPERIMENTAL LITERATURE 
2.1. Welford's Model 
Double-stimulation experiments have as a common characteristic that 
the subject is presented with a second stimulus (S ) in a reaction-
time situation before he has completed his reaction to an earlier 
presented signal (S.). A classical experimental setting is the 
following. The subject is seated in front of a display which is 
divided into two visual half-fields . To the left of the display-
centre that is to be fixated by the subject, visual stimuli, e.g. 
letters, may be exposed and, independently, these may similarly be 
presented in the right visual half-field. The time interval between 
the presentation of the first stimulus in one helf-field, and of the 
second stimulus in the other, called the inter-stimulus interval 
(ISI) may be varied by the experimenter. The order in which the two 
half-fields are stimulated is usually constant within trial blocks. 
In many experiments, the reaction times to S. and S- are determined 
by means of press-button reactions. In these cases the subject 
presses the button that, according to the instructions, corresponds 
to the signal, or he lets go a depressed button. The time between 
the presentation of a signal and the beginning of a motor reaction 
is regarded as the actual time of the reaction process, whereas the 
time taken by the execution of the movement is regarded as a 
separate motor component. An accurate measurement of the time of the 
reaction process i.e. without motor component, is difficult because 
one always needs the beginning of a movement in order to stop the 
timer that was started by the presentation of the signal. A 
possibility of such measurement is given by the employment of the 
muscle innervation impulse as the signal that the central process 
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of absolute retardation. Nevertheless the phenomenon has retained 
its name as introduced Ъу Telford, although in the more recent 
literature, especially since the paper Ъу Herman & Kantowitz (1970), 
the phenomenon is referred to as the double-stimulation effect. It 
should be noted that in the first publications it was nearly always 
assumed that RT. was invariant under varying values of ISI. This 
has later proved to be false (Herman & McCauley, 19б9> Herman Ь 
Kantowitz, 1969, ICIO). 
After the Second World War, the investigation of delay effects in 
double-stimulation situations has been greatly intensified. The 
most important features of the phenomenon became known between 1950 
and i960. The delay is independent of the degree of practice of the 
subject (Hick, І9Ц8; Davis, 1956; Slater-Hamel, 1958). The effect 
is a central effect because it is just as much present under 
intramodal as under intermodal S. - S- combinations (Davis, 1957, 
1959)· The PRP is not caused by the execution of a movement, but 
by a stimulus coding and a response selection process respectively 
(Davis, 1956). The selective information load of the first reaction 
process affects the duration of the effect: an S- that requires 
more time causes a greater delay (Smith, 1969; Karlin & Kestenbaum, 
1968; Bernstein, Clark & Blake, 1970). The theoretical implications 
of the PRP phenomenon have previously been reviewed a number of 
times (Welford, 1952, 1959, 1967; Bertelson, 1966; Sanders, 1967; 
Smith, 1967)· We shall restrict our comments to stressing a few 
points that seem to be favourable to a clear understanding of our 
own experiments. 
A very important contribution to the theoretical evaluation of the 
phenomenon has been provided by Welford. He was the first to offer 
a formal description of the double-stimulation effect. He owed his 
inspiration to the notion expressed earlier by Craik (191*7, 19^8) 
of the human operator as an intermittent correction servo. Craik 
observed that when people pursue a moving track they cannot make 
more than one correction per 0.5 second. If he cannot anticipate 
with respect to his stimulus input, man behaves like an intermittent 
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system. Craik advances the notion that information processing is 
achieved in "singel computing processes" that are protected 
against intrusions on the part of newly incoming information by 
a "switching system". In 1952, for the first time, Welford 
presented ал accurate, quantitative analysis of information 
processing according to the intermittency principle. He himself 
used the description Single Channel with Limited Capacity. This 
term indeed reflects more clearly what it represents. The total 
amount of information reaching the system through the different 
sensory modalities converges on one central decision mechanism. 
The system's capacity is limited and therefore Sp will have to 
wait for as long as the system is engaged in dealing with S.. 
In Figure 2.1 we can see what happens according to Welford's 
model in situations where Sp arrives in the decision stage of S... 
S1 R1 
1
 r- i τ ; 
S 2 R2 
Figure 2.1. Representation of a double-stimulation situation 
where S arrives in the decision stage of S . 
The horizontal line represents time. Above the line, the downward 
arrows indicate the moments at which occur S. and the onset of the 
motor reaction to S... Below the line, the upward arrows indicate 
the moments of Sp and the onset of the motor reaction to S„. The 
interval between S- and Sp is the ISI. The interval between Sp and 
R., indicated by a broken line is the time that the two central 
processes would overlap if there were no intermittency mechanism. 
In Welford's model, however, Sp is forced to wait until S. has been 
dealt with. The reaction time to Sp is consequently lengthened by 
the interval Sp - R , which equals RT.. - ISI. 
Thus, for all values of ISI, we have RT = TDp + RT.. - ISI where TDp 
equals the decision time that would normally be required by Sp 
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disregarding any delay incurred. If we assume that TD« and RT. are 
invariant under varying ISI, the function of RT_ for variable 
values of ISI is of the type y = ax + b, a straight line at an 
angle of 1*5 with respect to the ISI axis. 
The above outline represents the essence of Welford's model. It is 
elaborated by him for situations where S« arrives during the 
feedback stage of the RT.. process. To this we shall return in 
Chapter h. Preliminary to a critical discussion of the Single-
Channel Model, we shall first discuss some competing theories. 
2.2. Alternative explanations of the double-stimulation effect 
Several authors have attempted an explanation of the double-
stimulation effect in terms of models other than Welford's 
Single-Channel Model with Limited Capacity. These alternatives 
may be divided into four groups, viz (i) explanations that reduce 
the effect to a state of physiologically determined insensibility; 
(ii) models that build upon the existence of a constant time 
quantum in the process of attention; (iii) Preparatory State 
explanations and (iv) Response Inhibition explanations. We shall 
now discuss these alternatives in the above order. 
Telford (19ЗІ) suggested the notion that delay in the processing of 
signals which follow one another in rapid succession is caused by 
a temporary condition of raised threshold in the sensory parts of 
the cerebrum. This "refractory state" is supposedly analogous to 
the temporary insensitivity of a nerve cell shortly after the 
transmission of a stimulus, with this exception, that the duration 
of the refractory stage of the cerebrum as a whole would be much 
longer. After all, as is known, the psychological refractory period 
can amount to more than 50O milliseconds. Typical for the notion 
ascribed to Telford is that double-stimulation effects are seen as 
having a physiological cause, no role being played by psychological 
factors, such as preparatory state, set, stimulus modality and 
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Stimulus complexity. In general (Smith, 19бТЬ; Welford, I967) 
Telford's theory is explained such that the psychological 
refractory period must he considered a period of a fixed 
duration, independent of experimental conditions. During this 
period, no processing whatsoever of the second stimulus is thought 
to occur. This interpretation of the concept of refractory state 
gives rise to the prediction that the processing of the second of 
a pair of signals incurs a delay that is invariant with respect to 
variations in ISI hetween 0 and t„ milliseconds, where % 
π Η 
represents the duration of the refractory stage, and that is 
equal to 0 for values of ISI greater than t,, milliseconds. 
Plotting RT 2 against ISI must accordingly yield a step-function, 
a prediction, however, that is not supported by one single 
publication of empirical data. Moreover, it has been shown several 
times that the temporal uncertainty of S.. (Kay & Weiss, 1961) and 
the selective uncertainty of S.. (Smith, I969) affeot the duration 
of the delay, which is hard to accomodate in a model of 
physiologically induced blocking of new stimuli. 
The explanation given to Telford's theory seems to be ruled out 
decisively by the above argument. In our opinion, however, this is 
premature. It is important to bear in mind that one aspect of the 
notion of refractory state deviates from that which is known of 
the refractory stage of separate nerve cells. The psychological 
refractory period would in fact imply a constant period of total 
blocking, whereas for separate neurons, the duration of the stage 
is determined by the stimulus strength of S. and S . A stronger S 
will sooner bring about a renewed response them a weak Sp. For the 
physiological refractory state there is, thus, decreased sensitivity 
instead of total blocking. Koster & Bekker (I967) and Koster & 
Peacock (I969) have looked in detail into the possibility of 
explaining the psychological refractory period in terms of a 
variation of Telford's model, in which the refractory stage is a 
stage of lessened sensitivity. They quote work by Angel (І9б7, 
1969) from which it appears that both for animals and for man the 
latency of the first positive wave of the cortical response is 
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dependent on the interstimulus interval with respect to a 
preceding stimulus. 
Setting out from the assumption that the restoration curve of 
response readiness is exponential and that the increase of RT. 
with decrease of ISI is due to lessened sensitivity, Koster and 
Peacock predict that RT = RT + Τ exp ( -I /tau). In this 
fomula, RT stands for the maximal delay that occurs 
immediately after the intake of S..; I stands for the ISI 
corrected for afferent conduction times; and tau stands for the 
time constant of the restoration process. The RTp curve 
according to this model is not linear as Welford has it, but 
exponential. From this hasic comparison Koster and Peacock 
deduce that log (RT.-RT ) plotted against I must yield a 
straight line. In the publication by Koster fc Bekker (1967), the 
slope of the RTp curve under variations of ISI is critically 
analysed both with new data and with data published in the 
literature. Koster and Bekker conclude in this study that the 
prediction from the Single-Channel Model of a straight line with 
| о 
1*5 slope for RT plotted against ISI is not justified by the data. 
In the paper by Koster Ь Peacock (I969), the Single-Channel Model 
was put to the test by a confrontation with stimulus-intensity 
effects. Reasoning along the lines of Welford, a more intense Sp 
would as a result of a shorter afferent conduction time, sooner 
arrive in the central channel and would consequently have to wait 
there longer. The latter prediction seems to us not to be amenable 
to testing in the experimental paradigm under discussion, since the 
delay of Rp is derived from the duration of the second reaction for 
different values of ISI. The stimulus signal also starts the 
reaction-time meter; the fact that a more intense Sp is earlier 
represented centrally is not taken into account in this mode of 
measuring. The authors conducted two experiments in which the 
intensity of S- and, in the first experiment, also the intensity 
of Sp was varied, along with variations in ISI. Their S. was a 
circle, presented to the left eye; their Sp was a cross, presented 
to the right eye. To S. no response was required. To Sp the 
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response was a simple press-button reaction. The most striking 
results are that in both experiments the RT^ curves for all the 
stimulus intensities deviate from Welford's 1*5 slope. If the 
natural logarithm of the delay is plotted against I one sees that 
in accordance with the sensitivity model, a straight line emerges. 
Moreover, it appears that the predicted decrease of the delay of 
RT_ with greater intensities of S. does not, or practically not, 
occur and that the intensity of S„ with short and with long ISIs 
evokes the same effects. Suraining up the evidence, it must be said 
that the predictions of Welford's model were not really upheld in 
these experiments. 
We must, however, put the question whether this does in fact 
represent a fair test of Welford's model. On the prediction of 
effects of variation in the intensity of S« we have already 
expressed reservations of a technical nature. However, variation 
in the intensity of signals has other implications as well. On the 
one side, intensification of the signal brings about a shorter 
afferent conduction time, but on the other side it should be 
remembered that a more intensive signal may imply a bigger after-
effect. Koster and Peacock refer to these mutually compensating 
factors to account for the failure of appearance of the predicted 
stimulus-intensity effects in the investigation by Rubinstein 
(196U). We question, however, whether predictions concerning the 
effects of variation in stimulus intensity, derived from the 
Single-Channel Model, can in fact be tested with the experimental 
paradigms as discussed here. The weight of the objection is 
increased by the fact that Koster and Peacock did not require their 
subjects to react to S.. We would regard double-stimulation 
paradigms in which no response is made to S. as representative of 
studies of the time course of preparation (Bertelson & Tisseyre, 
1969) rather than of experiments on the psychological refractory 
period. 
The most frequently used paradigms in the present context do not 
permit an independent estimation of the influence of signal 
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intensity on the afferent conduction time and the refractory after­
effect. In a psychophysiological experiment in which the moment of 
central representation of S 1 is estimated Ъу starting from the 
first positive wave of the cortical response,a procedure employed 
Ъу Angel (1967)t it is indeed possible to determine the separate 
effects of intensity both on the lengthening or shortening of the 
afferent conduction time and on size and time constant of the 
after-effect of a preceding stimulus. It would thus Ъе possible to 
investigate whether the total effect of delay is predictable on the 
basis of a combination of both factors.In a model of this kind, one 
proceeds on the assinnption that reaction time is determined by an 
excitatory potential evoked by the stimulus, a model described by 
Hull (cf. Murray, 1970). Murray, however, demonstrates that 
stimulus intensity effects with respect to reaction times much 
rather reflect the overall situation, particularly the range of 
values used, than the actual intensity of a stimulus (Cermak, 
1967; Grice & Hunter, I96U). For this reason we shall not allow 
our expectations about a psychophysiological test of the model by 
Koster and Peacock to rise too high. 
On the other hand. Smith (1967a) did find effects of S. intensity 
that are in agreement with Welford's model. An important difference 
from the experiments mentioned earlier is that Margaret Smith made 
her subjects react to S-, so that a much more representative single-
channel experiment was obtained. She moreover introduced 20% catch 
trials where S» was omitted, so that grouping was effectively 
counteracted. At this point it must again be said that a big 
problem for the theory of lessened sensitivity is the existence of 
interaction of the delay effect with stimulus characteristics such 
as temporal and selective uncertainty. As yet it seems to us that 
Koster and Peacock's strong point lies in the way they fit the 
curve of their data to the predictions derived from Angel. It is 
true that Angel (1969) himself is very cautious in generalizing on 
the basis of his and others' physiological findings. He remarks 
that the effect mentioned by him of decreased cerebral readiness 
to'react only occurs on peripherous stimulation in the same 
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modality and at closely spaced positions. The findings in the 
literature on double stimulation show, however, that the effect 
is independent of peripheral factors. Seen in this light, one 
must ask whether the results obtained by Koster and Peacock are 
sufficiently applicable to double-stimulation situations to 
endanger the position of the single-channel concept. For the rest, 
however, we hold the view that sensitivity effects play a part in 
this field of research beside, rather than instead of single-
channelness. In Chapter h we shall, after the introduction of the 
distinction between double-stimulation situations with focal and 
with ambient stimuli, return to the sensitivity hypothesis, but 
then with respect to the latter class of stimuli. 
A Quantum Theory of double-stimulation effects 
Broadbent (1958) made an attempt at explaining double-stimulation 
effects in terms of a more general theory of attention. The core 
of this theory is that the human information-processing system 
accepts stimuli during successive samples lasting 330 milliseconds. 
As soon as a first stimulus arrives, the subject is supposed to 
choose his sample and to start processing the signal. A second 
stimulus arriving at an ISI smaller than 330 milliseconds would 
fall in the immediately succeeding sample and would have to wait 
until the 330 milliseconds had passed before being relayed for 
processing. This implies that the delay decreases with increasing 
ISI for 0 < ISI < 330 milliseconds. When inspecting the data not 
too critically, this prediction is in agreement with the facts 
(cf. Koster & Bekker, I967). For ISI = 0 no delay should occur 
because S is included in the same sample as S1, nor should there 
be a delay for ISI > 330 milliseconds. Moreover, there is no room 
in the model for effects of stimulus uncertainty. As far as the 
latter three points are concerned, empirical evidence is in conflict 
with the model. Broadbent himself published on three experiments 
(Broadbent & Gregory, 196?) in which he withdraws from his 1958 
model. The main arguments against the quantum model are the findings 
that the delay of R9 following incompatible S. - H relations is 
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greater and is, moreover, dependent on the duration of RT.. It 
seems to us of importance to lay emphasis on the inadequacy of 
the quantum model at least in as far as double-stimulation effects 
are concerned, because the notion of attention as divided into 
periods, also called excitability cycles, crops up repeatedly in 
the literature. Thus PSppel (1970), upon analysing the frequency 
distributions of simple reaction times, claims the existence of 
a perceptual cycle lasting betveen 20 and ho milliseconds, the 
cycle being initiated by the stimulus. The odd thing about Pöppel's 
data is that, on further analysis, the multi-modal shape of the 
distribution of reaction times only appeared to be present for 
visual stimuli. Others often report 100 milliseconds as the 
standard sampling time, the suggestion then being that this has to 
do with the length of the period of the alpha rhythm in the E.E.G. 
(White, І963). A critical review of sampling models, in particular 
that by Kristofferson (1967), is presented by Sanders (1967); it is 
made clear that the notion of a constant sampling time is not very 
plausible. Michon examines more closely the existence of a 
"quantal" basis of time perception and of the production of time 
intervals (Michon, 19б5> 19б7). Michon's data were chiefly obtained 
in tapping experiments and they are therefore not directly 
applicable to a reaction-time situation. Yet Michon too is of the 
opinion that, although there are indications of the existence of 
constant time intervals within the context of a specific experiment, 
there are no grounds for accepting a unit of time that is valid in 
all circumstances. 
Preparatory-State theories 
Of most of the alternatives to the Single-Channel Model it may be 
said that they consist of explanatory principles which have 
appeared to be fruitful with regard to other topics of research. 
This is also the case for the Preparatory-State theories. Here we 
have a collective name for explanations that may be divided into 
two types: expectancy models and readiness models. The first type 
is described by Poulton (1950) as a model in which the subject is 
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believed to react more slowly to an S_ after a short ISI because 
he is not yet expecting the stimulus. A similar reasoning was 
developed by Elithorn & Lawrence (1955) who set out from 
experimental situations in which the subject does not know in 
advance with which hand he must react. If the first stimulus is a 
signal for the left hand, the subjective probability of a reaction 
with the other hand decreases to zero. As an additional assumption, 
the authors presume that effectuation of one response is coupled 
to inhibition of other responses. With lengthening of ISI, the 
probability of S again increases. Clearly, this reasoning has 
been developed for a special variant of the double-stimulation 
experiment. In most experimental situations, however, there is no 
uncertainty on the part of the subject as to which of the 
extremities must be used to react to S. and S-. If there is 
stimulus uncertainty, the subject generally uses one hand to 
operate several press-buttons. It is certainly a well-known 
experimental fact that the expectancy of the subject plays a 
role in experiments on reaction time or vigilance. The classical 
author on this matter is Mowrer (19^0) who showed that, with 
variation of the foreperiod within different ranges, the reaction 
times are shortest after a foreperiod having the mean value of the 
range being presented. 
Apparently, the subject cannot be maximally prepared during the 
whole foreperiod; there is an optimization of the hypothetical 
preparatory state centred around the mean value of the range of 
foreperiods. The correctness of this finding is not doubted; what 
is questioned, however, is the relevance of this fact to an 
explanation of the psychological refractory period. A critical 
discussion of the experimental evidence that is opposed to an 
undue generalization of the expectancy principle is given both by 
Welford (1967) and by Smith (1967^). The most important arguments 
are that, with constant ISIs the size of the double-stimulation 
effect does not decrease (Borger, І96З; Creamer, 19бЗ), that with 
a triggering of the ISI by the subject himself, the delay effect 
disappears (Davis, I965), and furthermore, the general finding 
that the order of magnitude of expectancy effects is much smaller 
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(about 1+0 milliseconds) than that of double-stimulation effects. 
The second type of Preparatory-State theories is the readiness 
model. It implies that the subject always needs a certain minimal 
time to react to a warning signal. Because of this there will 
always be a delay of RT„ with ISIs smaller than this minimal 
preparatory time. This notion also is qualified by Smith as 
untenable. The crucial experiment she brings to bear on this point 
does, however, provide the opportunity of linking together the 
Preparatory-State concept and the Single-Channel concept. Kay & 
Weiss (1961) varied both the uncertainty about the duration of the 
foreperiod of S1 and uncertainty of ISI. Moreover, they used 
experimental conditions in which reactions were required and in 
which reactions were not required to S . Kay and Weiss demonstrate 
with their results that for small ISIs, RTp increases with 
increasing uncertainty both about the foreperiod of S1 and about 
ISI. Smith points out, however, that with otherwise equal conditions 
a much greater increase of RT„ will be found if the subject is also 
required to give an overt response to S . She concludes from this 
that the results collected by Kay and Weiss do indeed show temporal 
uncertainty effects, but then only on account of S1. A temporally 
uncertain S. takes up more of the central information-processing 
channel than a temporally certain S.. This is the reason why bigger 
delay effects occur with temporal uncertainty. Thus we have come 
back to the Single-Channel Model by Craik and Welford, which has 
always been defended in Smith's own work. Before we make various 
critical notes on the Single-Channel Model, we shall first look at 
an idea that has recently been revived, namely that of Response 
Inhibition or Competition. 
The Response-Competition Model 
Champions of the Response-Competition Model (e.g. Reynolds, I96U; 
Herman, 1969; Greenwald, 1970; Herman & Kantowitz, 1970) work from 
the concept of response conflict postulated by Berlyne (1957). 
Before an overt reaction becomes effective, a process of response 
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selection has Ъееп passed through, in which the ultimate winner is 
that response for which most evidence is present in the input. 
Alternative reactions are not in this case made overtly, but 
indirectly they still have their effect. This will occur, for 
instance, in those cases where there is severe conflict between 
two response tendencies due to a high degree of similarity 
between the alternatives and where, as a consequence, the non-
selected response has an inhibitory effect on the overtly made 
reaction, the latency of which is thus lengthened. A simple, 
elegant demonstration of such a phenomenon may be found in an 
experiment by Kornblum (I965) measuring two-choice reaction times. 
In condition A, the subject reacted with his right middle or index 
finger, depending on the signal. In condition B, he used either 
the right middle finger or the left index finger. The result was 
that the reaction time for the right middle finger was on average 
28 milliseconds longer in the ipsilateral combination than in the 
contralateral combination. According to Kornblum, we may regard 
this as clear evidence of ipsilateral response inhibition. Herman 
& Kantowitz (1970) present a careful account of data which in 
their opinion constitute a plea for a re-interpretation of double-
stimulation effects in terms of a response conflict model. It may 
be noted in passing, that it was they who advocated the term 
double-stimulation effects instead of psychological refractory 
period, thus expressing their point of view that the effect at 
hand may be classified among a more general category of inhibitory 
phenomena. The reaction to the second of a pair of signals is 
supposedly delayed by response inhibition arising from the first 
response. This conception, however, implies that response 
inhibition also has an effect in the reverse direction: from R-
to R1. Herman and Kantowitz find empirical evidence to support 
their position in the fact that cautious analysis of double-
stimulation data reveals that in a number of cases there is not 
only a delay of RT but also of RT.. This delay appears, at least 
in certain experiments, at ISIs between 0 and 100 milliseconds. It 
is remarkable, however, that such delay of RT. can only be 
demonstrated in contrast to specific control conditions in which 
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the subject is informed about the ahsence of S . If RT. data of 
double-stimulation trials are compared to single RT- latencies 
obtained in catch trials that are randomly distributed among the 
experimental trials, the effect disappears. Herman and Kantowitz 
regard this as a reason for disqualifying the latter experimental 
condition as a demonstration of response-inhibition effects. For 
us, however, these observations give rise to doubt about the 
experimental reliability of the mentioned RT delays. 
Sanders (196M has demonstrated that the strategy induced in the 
subject by the experimenter's instruction may at will make RT. 
more or less dependent on RT?; when the subject is instructed to 
sample all stimulus information before reacting, RT.. is increased. 
Our question is »rhether those authors who have used a so-called 
"within-subjects" informed control design rather than using 
catch-trials have perhaps induced a kind of grouping especially 
under short ISIs. If this objection were to apply, a great deal 
of the support of the conflict model is undermined. It can 
hardly be denied that response inhibition effects do exist but 
it seems unlikely that they are so specifically directed at the 
processing of the second signal. For indeed the order of 
magnitude of the delay of RT. sinks into insignifir jnce before 
the delay of RT„. The interpretation of stimulus uncertainty 
effects, moreover, is obscure if given within the framework of a 
response inhibition model. The statement made by Herman and 
Kantowitz that the Single-Channel Model along with the theories 
discussed above must be discarded as obsolete seems to us a 
premature conclusion. 
Yet it is probably equally wrong to dismiss as trifling the effects 
of S^ on RT. that the supporters of the response-conflict model 
bring forward. An attempt to incorporate the delay of RT in the 
Single-Channel Model is made by Tolkmitt (1973). He introduces an 
assumption in addition to the Single Channel: the perceptual 
interrupt system. The normal function of the channel is to process 
incoming signals according to fixed successive stages. However, 
competing signals coming in during the course of the processing 
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can in the interim be briefly inspected for their usefulness to 
the current process. This idea, though in the framework of 
binaural listening, has been suggested much earlier by Broadbent 
(cf. Broadbent, 1971, Ch.V). There is thus a restricted form of 
time sharing. Seen in this light, Tolkmitt's modification is a 
provision capable of accounting for grouping. 
Tolkmitt made use of the data of four studies (Karlin & 
Kestenbaum, I968 Smith, 1909; Bernstein et al., 1970; Tolkmitt Ь 
Lunn, І97З) which have in common that ISI effects were examined 
for different complexity levels of S. and S_. The experiments make 
clear that the delay of RT„ is partly dependent on the complexity 
of S.. Tolkmitt, however, shows that there is a complexity effect 
of S. on RT simultaneous with a complexity effect of S„ on RT . 
To do so, he converted the RT. data of the abovementioned studies 
to inter-response intervals (iRIs), which is to say he reduced 
RT« by (RT -ISI). Thus he obtained IRIs which in strict accordance 
with the Single-Channel Model should be independent of ISI and of 
the complexity of S., for values of ISI smaller than RT . From the 
data analysed by Tolkmitt this did not appear to be the case. IRI 
becomes shorter with decrease of ISI, and IRI also decreases with 
increase of the complexity of S-. With the above assumptions on 
the not entirely sequential nature of the Single Channel, together 
with the assumption that the interim inspections must be added to 
RT1 and subtracted from RT , Tolkmitt manages to incorporate the 
effects of S on RT into Welford's model. 
We have thus come to the end of our brief review on the theoretical 
standpoints as regards the psychological refractory period. The 
conclusion seems warranted that the Single-Channel Model has been 
the most succesfully maintained. In our further chapters, we shall 
take this model as our starting point, though as regards the 
applicability of the model to different classes of stimuli, we 
shall propose additions and alternatives. Before going into this 
matter more deeply in a theoretical chapter, we shall devote the 
following section to a number of marginal notes, mainly with 
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methodological relevance, on the double-stimulation effect. 
2.3· Critical notes on the double-stimulation experiment 
Critical remarks with respect to theorizing and experimental 
testing as regards double-stimulation situations have been made 
several times in our review of interpretations of the double-
stimulation phenomenon. In the discussion it was chiefly the 
parrying of attacks - usually with success - on the Single-
Channel Model that concerned us. Most of the alternatives 
flounder because they concentrate merely on a small aspect of 
the known facts. Though Welford's model has held the strongest 
position, one can yet place various critical notes on the 
published evidence. First it is of importance to realize that 
almost all the support for the model is derived from the course 
of RTp plotted against ISI. As we see it, there are various 
objections to this. Welford's model indeed yields exact 
predictions for RT1 greater than ISI and for ISI greater than 
RT.., respectively. In the latter case, according to an explicit 
assumption of the model, feedback processing could capture the 
single channel (Welford, 196?) and by so doing could start off a 
new period of psychological refractoriness. The strange thing 
about this assumption is that it implies that in those cases where 
Sp arrives during the central processing of S-, the second 
stimulus needs to wait no longer than until the central portion 
of the RT process has been completed. It remains obscure, however, 
what actually is the fate of the feedback from the first reaction. 
Is it this feedback that perhaps undergoes a refractory delay? 
There are no indications that the movement time of first reactions 
is longer at short ISIs. We are thus left with an unsatisfactory 
picture, which is again repeated when Welford suggests that also a 
second stimulus may incur a delay caused by capturing of the single 
channel by feedback, if the second stimulus is presented shortly 
following completion of the first reaction. In practice, moreover, 
the situations that are distinguished in the model are not analysed 
separately. One generally plots RTj, against ISI. In some instances 
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a form of data grouping is applied on the basis of average values 
of RT1 with the criterion ISI greater than or shorter than the 
mean RT. respectively. If one takes into account the considerable 
variance in reaction-time data, it becomes clear that, especially 
for ISI values round the mean value of RT , data are grouped into 
one class which, according to the model, stem from entirely 
different situations. A better procedure seems to be to see for 
each trial at which stage occurred the arrival of S„.We shall 
adopt this procedure in Chapter 5· Only by doing so can it be 
determined whether Welford's assumption as regards capturing of 
the central channel by feedoack has an empirical basis. 
A theoretical objection related to the above issue is that testing 
the prediction of linearity of the RT curve is a hazardous 
enterprise. We have already seen that Koster fc Bekter (1967) stated 
that the predicted linearity was non-existent. Their observations 
may be countered, however, by noting that there are possibJy 
different side-effects, among which a confounding of ISIs larger 
than RT. with ISIs smaller than RT., that are responsible for a 
deviation from linearity. We should like to advocate a test of 
Welford's model that has a stronger experimental foundation. A 
contribution towards such a test has already been made by those 
authors who varied the information load of S and S and who 
checked the resulting variations in the delay effect against the 
assumptions of the Single-Channel Model (e.g. Smith, I969; Karlin 
fc Kestenbaum, I968). The positive results of these experiments 
constitute a stronger support of the model than the shape of the 
RT? curve. Yet we consider that the analysis of stimulus effects 
has thus far been too superficial. The basic assumption, i.e. that 
single-channelness is due to limited capacity, is not doubted, or 
rather, no attention is paid to it. In the next chapter we shall 
endeavour to show that single-channelness might be the consequence, 
not of limited capacity, but of other features of the perceptual 
system. In this context it will prove to be of great importance 
with what kind of perceptual task we present our subject. We shall 
see that a double-stimulation paradigm with shape stimuli gives 
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rise to results that are different from those produced in the same 
paradigm with stimuli that may he defined as continuous variahles. 
With respect to the question whether feedback does or does not 
occupy the central channel an analogous objection can be made. The 
issue of feedback and refractoriness is repeatedly touched upon 
in the literature without the theoretical aspects of feedback being 
considered. 
Welford (1952) made an a priori postulate of two feedback moments, 
one at the beginning of the movement (TF.) and one at the end (TF ). 
We suspect that this distinction goes back to a distinction that is 
often made between closed-loop and open-loop feedback. In Chapter 5 
we shall attempt to demonstrate that feedback and external 
information cannot simply be put on one level. 
Beside the observation that we made above on the fact that the 
single-channel problem deserves a more thorough theoretical 
analysis than it has thus far been granted, we also note that in 
the field of experimentation there is by no means a generally 
accepted standard procedure. The fact that numerous kinds of 
stimuli such as light flashes, clicks, tones, letters and shapes 
are all used in simple or in choice-reaction paradigms is due to 
an inadequate analysis of single-channel processing. Many authors, 
moreover, do not provide an account of the instruction given to 
their subjects. Especially the work of Sanders (I96U) has made it 
clear that grouping strategies depend on the instruction given. In 
our opinion, it is not sufficient to stress the importance of a 
fast reaction to the first stimulus. A better method to counteract 
grouping is the adoption of so-called catch trials. These are trials 
in which either the ISIs have a relatively long duration or in which 
the second stimulus does not appear at all. Subjects delaying their 
reaction to S. until the appearance of S are strongly discouraged 
in this procedure by an extremely long RT.. During the training 
period that in general is preliminary to double-stimulation 
experiments, the experimenter will have to provide knowledge of 
results with respect to the reaction times to the first stimulus. 
An a posteriori check is possible by reference to the curve of RT-
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plotted against ISI. This line must have a zero slope. In the 
present context we shall not go into further detail with regard 
to grouping as an experimental problem. In the design of our own 
experiments, we have always Ъееп at pains to counteract the 
occurence of grouping strategies. Grouping in itself, of course, 
remains an important and interesting phenomenon that plays a major 
role, especially in complex skills. We may refer to specific 
literature on the topic presented elsewhere (Welford, 1967; Sanders, 
I96U, 1967; Sanders & Keuss, I969). 
When discussing the alternative models we have contrasted 
Preparatory-State theories with the Single-Channel Model. It 
appeared the Preparatory-State Model is unable to explain all the 
experimental results. This does not detract from the importance in 
reaction processes of the role played by preparedness to respond. 
By Bertelson & Tisseyre (I969) as well as by Posner & Boies (1971) 
it has been stated that preparedness to receive a signal has an 
effect on HT. The latter authors demonstrate two independent 
effects of preparation which they name alertness and selectivity. 
In a series of double-stimulation experiments, following the 
same - different paradigm with letters as stimuli, the authors 
demonstrate that for durations of approximately 500 milliseconds, 
both of the warning interval and of the interstimulus interval, a 
maximum shortening of RT is obtained. These effects are additive 
and do not interact. The size of the alertness effect is of the 
order of 25 milliseconds and that of the selectivity effect is 
50 - 100 milliseconds. The extent of these effects is such that 
they may not be ignored when interpreting double-stimulation data. 
The defenders of the Single-Channel Model, however, make no 
reference to them whatever. 
Finally, we mention the effect of eye movements. On rare occasions 
only does an author mention whether an instruction has been given 
to fixate one point in the visual field. An instruction to this 
effect is of essential importance because if the subject is 
allowed to inspect the visual field freely there is a possibility 
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that a delay in processing S is due to the fact that with short 
ISIs the subject is still engaged in the fixation of the first 
stimulus. It is known (Latour, I966) that the progrannning of eye 
movements reduces the detection prohability of new signals. When 
using visual stimuli it is necessary to present both stimuli 
within the foveal range with, moreover, the instruction to fixate 
a given point during stimulus presentation. 
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Chapter 3 
WHY C M TWO STIMULI GENERALLY NOT BE PROCESSED SIMULTANEOUSLY? 
3·1· Introduction 
In the literature on single-channelness, little attention is paid to 
the question as to which circumstances have led to the evolution of 
a converging perceptual coding system. The intermittent nature of 
information processing is regarded as heing due to the 
characteristic feature of the brain of a single channel with limited 
capacity. In the present chapter we place the single-channel concept 
in the light of current knowledge on psychological and 
neurophysiological lawfulness in information processing. A point we 
make first is that single-channelness has to do with the prevention 
of mutual intrusion of simultaneously presented stimuli rather than 
with a limited capacity. This leads us to the question as to whether 
there is a danger of intrusion for all types of stimuli. We consider 
it necessary when classing stimuli to distinguish between what we 
have termed analog and digital. The latter class implies categoriz-
ation by means of memory information and it is precisely in this 
class where intrusions may occur. The consequence of this view is 
that real intermittency is restricted to those stimulus response 
processes to which digital coding applies. We believe that in 
research on double stimulation a distinction should be made between 
stimuli that may be coded in an analog fashion and those that may be 
coded in a digital manner (section 3.M. Finally, a major part of 
the chapter (sections 3.5 and 3.6) is devoted to introducing a 
series of biological and neurophysiological publications which, 
coming from disciplines other than psychology, give support to the 
above distinction between two levels of information processing. 
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3.2. Is single-channelness the result of limited capacity? 
It was seen in Chapter 2 that Craik's initial concept of the 
intermittent character of human information processing has well 
stood the test of time. However, the precise notion of intermittency 
has seen important changes. According to Craik's ideas, each 
instance of processing a stimulus, external (signal) or internal 
(feedback), hlocks the entry of new information to the system for 
a fixed period of time. By 19^7 it was ohvious that the total 
reaction time should be divided into various successive, more 
peripherous and more central processes, where only the central 
portions could not overlap. Furthermore, with increased practice 
feedback activity would occupy the system to a lesser extent (Davis, 
1956; Broadhent Ь Gregory, I96T)· W e s e e that the current concept 
as regards the information processing system has evolved into the 
following picture. All sensory stimulation admitted peripherally 
converges in a common decision system (the single channel). This 
central system is characterized Ъу a limited capacity. The 
organism is able to function in spite of this restriction by 
creating limitations of various kinds in the afferent stream of 
information. If the information is of such a kind that part of it 
may be discarded, a part of the stimulation is filtered out. The 
exact nature of the stimulus filtering process will not meet full 
discussion here. However, it should be noted that some physical 
feature in the stimulus flow is used as a basis on which selection 
may take place. Broadbent (1971) uses the term attenuation when 
referring to the restriction of information at the input side of the 
organism. Of importance here are especially the general physical 
characteristics of the input. Besides, a selection in the response 
part of the system is assumed. Here the sequential constraint of the 
monitored message establishes a basis on which response alternatives 
are activated. Broadbent speaks of pigeon-holing. 
In a double-stimulation situation, the concept of the single-
channel theorists is as follows. The two stimuli may be regarded as 
two tasks demanding simultaneous (or near-simultaneous) attention 
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on the part of the system. The capacity of the system is thus 
overloaded. The system tackles the problem Ъу holding the second 
stimulus for a short time in a preperceptual store, so that it can 
be dealt with once the central channel is clear (Welford, I967)· 
In Chapter 2 we have already touched on a number of issues 
concerning the single-channel concept. Some theoretical objections 
will now be brought forward. The Single-Channel theory basically 
assumes a channel with a limited capacity. This assumption is hard 
to disprove. Research on choice reaction times likewise leads to 
the conclusion that increase in complexity of the stimulus varies 
with increased processing time (Hick, 1952; Hyman, 1953; Grossman, 
І95З). Although compatibility of stimulus and response combinations 
exerts a strong influence on the relationship between complexity 
and RT, Hick's Law, as it is called, yet appears to be tenable 
(Broadbent, 1971)· Hick's Law states that the RT in a choice 
situation increases linearly with the logarithm of the number of 
choice alternatives. The slope of the RT curve as a function of 
information, is strongly dependent on the compatibility of the 
experimental situation (see Figure 3.1). 
Double-stimulation experiments are usually conducted with simple 
and compatible experimental situations: there is often a panel of 
lights to which a number of goal keys correspond directly. If the 
reaction time is plotted against the logarithm of the number of 
choice alternatives, one finds straight lines at an angle to the 
X-axis of less than k5 • In an investigation by us with panels 
similar to those in our double-stimulation experiments, a value of 
.10 was obtained for a in the general formula у = ax + b of the 
detection-times curve, using 8 and l6 visual stimuli respectively 
and holding constant the surface area of the stimulus array 
(Internal report with Brutsaert and Scholten); a value of .28 was 
obtained for the detection-times curve describing performance for 
1, 2 and 3 visual stimuli respectively (Internal repot-t). We 
observed that doubling of the selective information is accompanied 
by no more than a 28 per cent rise in RT. These data are in 
conflict with one of the basic assumptions of Welford's model. As 
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can Ъе seen from his formula RT = RT + TD - ISI, Welford 
assumes that doubling the information supply leads to a doubling of 
the total reaction time. This is also what we find with the 
shortest ISIs in refractoriness experiments. At first sight it 
seems that we have here a confirmation of Welford's theory. 
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Figure 3.1. Reaction time asa function of information for a 
number of experiments of varying compatibility. 
(from Fitts and Fosner, 19б7) 
Our objection is that the results of the choice-RT research cast 
doubt on the assjnpt-'on concerning the effect of doubling the 
information. Increase in the amount of information presented is in 
itself not a sufficient, causal explanation of the assumed 
successive processing of the signal and the doubling of the RT 
resulting fron it. 
Taking the latter discussion along with the problems set out 
earlier in Chapter 2, we find ourselves confronted with the question 
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whether the intermittency character of information processing can in 
fact he primarily related to the limited-capacity feature of the 
system. In our opinion, there are other important reasons why a 
second stimulus that is presented in very close succession to an 
earlier one incurs a refractory delay. 
3.3. Feature testing in the central channel 
In order to explain which other causes, Ъeside a limited capacity, 
there may Ъе for the intermittency character of the central channel, 
we shall consider the sequence of hypothetical processes that in 
the recent literature are assumed to Ъе typical features of the 
information process. In Figure 3.2 we have outlined the separate 
part processes that may he distinguished. It should Ъе noted that 
the figure is only a very general representation hased on a few 
decades of research, in which, moreover, various parts of the flow 
chart are still under discussion. On the one hand the model derives 
from the critical survey of reaction time models made by Smith 
(1968) and on the other hand from Broadhent's review of the 
currently accepted reaction model (1971)· According to the model 
that can he constructed on the basis of the flow chart, one may 
describe an instance of stimulus processing - say the indentificat-
ion of a visually presented letter by calling out its name - as 
follows. The proximal stimulus consists of a distribution of light 
and dark that is typical for (though not always identical to) the 
distal stimulus. 
The energy distribution at the periphery is subject to a peripherous 
coding that represents the stimulus in an, as yet peripherous, 
sensory buffer. This stimulus coding may perhaps be achieved by 
means of a set of independent neural analysers that, at the level 
of the retina, correspond to receptive fields and that have become 
known in the psychological literature mainly through the work of 
Hubel & Wiesel (I962) on the neural coding of simple stimulus 
features. We assume that the stimulation reaching the organism is 
thus represented in the central system in a fairly direct and 
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autonomous fashion. This stage of information processing has become 
known especially Ъу selective-listening research. Broadbent (1971) 
supposes that parts of the peripherally coded information may Ъе 
attended to on the basis of general characteristics of the 
stimulation, e.g. direction of the sound and timbre of the voice. 
Sense Organ 
1 
Store 
I 
Filter 
i 
Feature Extraction 
I 
Categorization of the Feature Set 
Í 
Selection of a Motor Programme 
I 
Translating Target Positions into Innervation 
I 
Effector Organ 
Figure 3-2. Hypothetical model of the successive stages of a 
sensorimotor act. 
Upon its passage through the filter, the stimulus is identified. 
Smith's (1968) review of the chief models concerning the choice 
process reveals that, despite differences on a number of details, 
such as in the opposition between feature testing and template 
matching models, all choice models have one characteristic in 
common. There is always a matching of the presented set of features 
to criteria that must be fulfilled before a selection of one of the 
identification codes possessed by the organism can take place. In 
Broadbent's phrasing, this is categorizing in evidence. A crucial 
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matter in the properties of the process at this level of assimilat­
ing information is that incoming information is compared to 
requirements that are stored in memory. A configuration of straight 
lines receives the internal code A if the requirements of that 
internal code are met. The way in which this code is found we shall, 
for a while, leave without further discussion. The existing 
theories on this subject are discussed by Smith (I968). Essential 
to our interpretation of the phenomenon of the psychological 
refractory period is that a feature complex demands admission to a 
memory system. We shall return to this presently. 
The next stage in the stimulus-response process is constituted Ъу 
the selection of a response. Given the internal code and the 
momentaneous readiness to hecome active on the part of the subject's 
response alternatives (cf. Broadbent's pigeon-holing) a response 
programme is selected. This should not, in most cases, be considered 
to be direct orders to the muscles. Indeed, the actual starting 
position of the effector organs is always dependent on preceding 
responses. It would be extraordinarily inefficient if the response 
memory were to contain motor programmes corresponding to all 
possible starting positions. Probably, the response memory 
encompasses motor programmes in terms of goal positions. If a person 
detects an object in his visual field, and if he is instructed to 
grasp that object, the exact instructions to the muscles cannot be 
given until the starting position of his hand has been computed in 
relation to the position of the detected goal. It is therefore 
impossible to react adequately without having feedback concerning 
the starting position. 
One should, moreover, take into account the fact that information 
regarding air resistance will only become available during the 
execution of the movement and can thus only be incorporated into the 
course of the muscle innervation during that execution. A model for 
the physiological implementation of this procedure has been 
developed by Gibbs (1970). For these reasons, we have made the 
distinction in the flow chart between response selection and 
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response execution. Finally, during and following the execution 
stage, the displacements attained Ъу the effector organs are 
compared to the goal position. 
3.h. The choice process and refractoriness 
We shall now return to the question, put at the beginning of the 
present chapter, as to why the second stimulus of a pair incurs a 
refractory delay. Stimulus identification, according to the concept 
presented here, implies that the incoming features are examined as 
to their relevance with respect to the available identification 
categories. A certain category state will be selected if the set of 
features a, b, ....i, derived from the stimulus configuration, 
corresponds sufficiently well with the requirements а', Ъ', ....i', 
stored in memory. We presume that the organism stores the relevant 
requirements for the separate category states by means of a 
learning process. Some of the features of the input will, in this 
process, be ignored as being irrelevant. The position in the visual 
field in which a letter is presented will, being irrelevant, be left 
out of the set of stored requirements. The same applies to the size 
of the letters. It would indeed lead to absurd conclusions about the 
extent of memory for indentification requirements to suppose that, 
for each possible shape in each possible position and for each 
possible size, a set of memory requirements would have to be kept 
in store. This supposition regarding the strategy of feature 
selection and feature testing implies, in our view, a further 
assumption about the way in which the system keeps two or more 
stimuli apart. Indeed, at the level of the feature testing process 
abstraction is made of position, size and orientation of the 
stimulus. In models of the stimulus indentification process, the 
identification of a stimulus is often conceived of as the 
overstepping of a critical value in a neural counter. This may be 
seen as an accumulator of positive evidence with respect to a 
certain identification code (Murray, 1970). There must, therefore, 
be as many counters as there are identification codes. We have seen 
that for reasons of representation economy, the obvious assumption 
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is that features like size and location in the field are not 
involved in the identification process. If we now imagine that 
several stimulus representations, stripped of those aspects that 
are not of relevance to the shape, call upon the evidence counting 
process, we believe the next assumption to be the natural one to 
mane. The system will employ a way of testing that prevents the 
features of one set from disturbing the counting process with 
respect to the other set. Otherwise, we would obtain either a 
large number of intrusions or a never-ending process of 
identification. By using the additional features such as those of 
location in the field, size, orientation, as variables that distingh-
uish one stimulus set from the other and, subsequently, by 
identifying successively the separate representations, there is 
both an adequate employment of the additional information regarding 
the stimulus, and the avoidance of the danger of intrusion. We 
have here a distinction between shape-relevant and shape-irrelevant 
features in the perception process. According to Keisser's (196T) 
account of the process of perception of form, the shape-irrelevant 
features are dealt with in a pre-attcntive, parallel process in 
order to pave the way for the next intensive and sequential stage 
of the process. The distinction made by us between form-irrelevant 
and form-relevant stimulus features corresponds to the distinction 
made by Neisser between features that are processed in a pre-
attentive and parallel fashion on the one hand, and sequentially 
and hierarchically processed features on the other. We shall not 
now go into detail where the problem of hierarchy in feature sets 
is concerned. We note, however, that in the literature on 
choice-reaction times, remarkably little attention has been paid 
to this aspect of the choice process (see e.g. Smith, I968). In 
fact, the hierarchic nature of the testing process would constitute 
a further argument for the sequential character of the identificat-
ion of simultaneously presented stimuli. The line of reasoning 
would then parallel that followed by Weisser when discussing the 
sequential nature of the various steps involved in the identificat-
ion of one stimulus. 
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It will Ъе clear that in the double-stimulation experiment, one 
is Ъу definition faced with the situation of two feature sets that 
both demand admittance to memory at the same time. Our hypothesis 
will accordingly read as follows: for those reaction processes where 
the above described model applies, double stimulation will lead to 
1) undisturbed processing of the first stimulus; 
2) delay of the categorization stage of the second stimulus until 
the process of comparison with respect to the feature set of 
the first stimulus is completed. 
Typical of the theory on the origin of a psychological refractory 
period, as described here, is that the delay is caused by a 
successive testing of the two centrally represented feature sets 
in order to avoid intrusion. For the purpose of distinguishing this 
model from the Single-Channel Model,we shall speak of the Successive 
Memory Entrance Model. Although there are important theoretical 
distinctions between the two models, there are no differences as 
regards predictions concerning the course of the refractory delay 
and the effect of variation of the information load of S 1 on the de­
lay of RT„(Smith,1969).which have,up to this point, been the most 
frequently applied empirical criteria for the Single-Channel Model. 
The difference of greatest theoretical importance is that the SCM 
assumes that every double load imposed on the organism is met with 
by a successive handling of the two stimuli, whereas the SMEM states 
that each stimulus calling upon a feature memory prevents the 
processing of further stimuli that also call upon the feature 
memory. Whereas the SCM makes no restrictions regarding the classes 
of features of stimuli to which the model applies, the SMEM's 
applicability is restricted to those types of stimuli that are 
necessarily processed by means of feature extraction and feature 
comparison. 
3.S. Are all stimuli processed in the same way? 
The question whether each type of stimulus causes a blocking of the 
central channel has also been discussed in the literature on the 
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SCM. Especially the question whether the processing of feedback 
gives rise to a refractory delay has Ъееп an issue of lively 
argumentation. In his 1952 paper, Welford states that feedback from 
response processes may fully occupy the central channel. But only 
when the arrival of S coincides with the onset of a feedback 
process. Also in his 1967 review paper, Welford maintains this 
viewpoint. He does, however, refer to publications by Davis (1956), 
Marill (I95T) and Annett (I966), from which it appears that delays 
in handling S , due to feedback processes disappear with increased 
practice It is not very likely that this termination of the delay 
results from the fact that feedback is no longer processed. Studies 
on the effect of feedback distortion such as temporal delay and 
masking by noise, do indeed show that also with simple reaction 
patterns, the subject is seriously disturbed in his performance by 
distortion or delay in feedback. Chase et al. (1959) demonstrated 
that both the pronunciation of words and the tapping of a series 
of taps is similarly disturbed by a delay of 2hk milliseconds in 
the auditory feedback: the amplitude of the behaviour increases, 
the subject relapses into repetitions, he retards his speech and 
makes sudden pauses. Chase and coworkers concluded that the subject 
is not able to ignore the inapt feedback, except when the delay 
becomes so great that there is no longer any relation between the 
outgoing motor instructions and the offered feedback. In the 
double-stimulation experiment, there is no question of a delay 
in feedback. 
The fact that, as familiarity with the task increases, an S is 
processed during the feedback stage of R1 in an undisturbed fashion, 
can only be explained if we assume that feedback processing occurs 
outside the central channel. This means that we must thoroughly 
revise our conception of the way in which organisms deal with 
stimuli. In most accounts of the process of information 
assimilation in terms of a model, the system consists of one 
information analysing unit (often referred to as the decision stage) 
to which all the information converges. Instead of this, we now 
arrive at a model in which stimulus processing can take place at 
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different levels. Translated back into the terms of the Successive 
Memory Entrance Model described above, this concept regarding 
feedback implies that information on the course of a movement does 
not call upon the feature comparator of the central channel. If we 
look more closely at the nature of feedback information, this is 
not in the least unexpected. In most discussions on the processing 
of feedback information immediately geared to the course of the 
action, the control process is regarded as a comparison between 
goal positions and actual positions of the extremities (Miller, 
Galanter Ь Pribam, i960). There is no question here of a feature 
set construction or comparison. The prevention of memory intrusions 
is not necessary in this case. Feedback concerning a first reaction 
can thus, in our model, be processed parallel to the coding of a 
new stimulus. 
When replicating a number of double-stimulation experiments, we 
were intrigued by the question as to whether the observations 
concerning effects of feedback processing on the delay of an S 
are perhaps also of importance to an understanding of the mutual 
influence between two simple spatial stimuli. This has led us to 
look in the literature for concepts and empirical data that would 
give support to a perception model in which, on the one hand, 
complex stimuli are successively dealt with by means of a process 
of feature set comparison, but in which, on the other hand, 
spatial stimuli between which one must discriminate along one 
dimension may also be coded in parallel. 
3.6. Two mechanisms of vision 
The notion that perceptual input can be handled at different levels 
in the information-processing system is certainly not new. In many 
instances in the literature mention is made of the possibility that 
in certain circumstances the processing of a stimulus can occur at 
different levels. For example in order to account for effects of 
negative emotional connotations to the threshold value of visual 
stimuli - effects still upheld after critical examinations - Dember 
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(i960) proposes that alongside the conscious, cognitive level of 
coding, there is also an unconscious, subcortical level of coding 
at which an emotional evaluation of the stimulus occurs. Demher 
concludes "This assumption, in turn, requires the postulation of 
perceptual processes that occur at several levels simultaneously. 
Evidence that this is so exists outside the motivation-perception 
literature. The levels assumption as such is therefore not 
difficult to accept" (p.339). In Neisser's view of form perception, 
one also meets the notion of different levels in the process of 
translation which the raw input undergoes during its course through 
the information-processing system. Or is it better perhaps to 
regard these levels as different stages in the perceptual event? 
Although Neisser admits the possibility of primary responses on the 
basis of operation in the first, pre-attentive stage, he regards 
these operations chiefly, however, as preparing a stimulus input 
for the second stage of the iterative testing to which it is 
subjected. Thus we have two stages of processing, each 
characterized by its own lawful relationships: the first rapid, 
reflex-like, unmodifiable, operating in a parallel fashion; the 
second slower, dependent on strategies, and mainly running in a 
sequential mode. 
At a conference of the Eastern Psychological Association at Boston 
in April 1967, four workers in the fields of animal and neural 
psychology proposed in a joint symposium the idea of the existence 
of "two modes of visual processing". Held, Ingle, Scheider and 
Trevarthen had become convinced that in their investigations they 
had each, independent of the others, repeatedly been confronted 
with a recurring difference between two types of visually 
controlled behaviour: "On the one hand we all acknowledged the 
important capacity to recognize and distinguish among objects on 
the basis of their shapes and motions. But, on the other hand, we 
each had our reasons for believing that the ability to orient to 
these objects, or otherwise relate movement of the body to their 
loci in space, was an independent capacity. In short, we were 
making a distinction between what an organism sees and where he 
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sees it" (page h2). 
David Ingle arrived at his hypothesis on the existence of "two 
visual mechanisms underlying the hehaviour of fish" through his 
work with goldfish. Physiological research by Jacobson & Gaze (iStéO 
sind Cronly-Dillon (іЭб1*) had already brought to light that 
motion-detectors in the visual system of the goldfish are most 
sensitive to a stimulus that crosses the visual field from a 
temporal to a nasal position, i.e. from the back to the front of 
the animal. Ingle started his investigation with the question 
whether there are behavioural variables that correspond with this 
asymmetry. He used conditioned deceleration of heart-rate as a 
measure for the sensitivity to movement of simple black dots. The 
results were analogous to those of the investigation by Jacobson 
and Gaze, and Cronly-Dillon. With a dot moving at a speed of 12 
per second, the reaction was the strongest where there were 
forward-moving stimuli. Ingle, however, made a quite new 
discovery when, for another experimental group of fish, he altered 
a few stimulus parameters. He presented one group, not with the 
fast-moving dot (12 per second), but with a slow-moving dot (3 
per second) and he let the other group detect the movements of a 
spotted environmental field moving at 12 per second. In both cases, 
the investigator found exactly the opposite to what he had found 
for his first group; now the fish reacted most strongly to movement 
in a backward direction. Ingle is of the opinion that his 
experiments justify the hypothesis concerning the existence of two 
separate processes in the detection of movement. The first system, 
that mainly reacts to relatively fast, forward-moving single stimuli, 
would seem to be related to what MacKay (I961) calls detectors of 
position change. The job of this system could be the detection and 
localization of prey. The second system would then serve to code 
the position of the animal with respect to the surrounding field. 
Consequently it will be the latter system that reacts most strongly 
to a backward movement of the whole field. This is understandable 
if we consider that the only way in which a fish can determine his 
spatial displacement while swimming is by observing the apparent 
1+8 
backward movement of the bottom, or of the surface, whichever the 
case may be. A second series of experiments was related to the 
investigation of interocular transfer of the discrimination of 
shapes where the avoidance stimulus was the mirror image of the 
approach stimulus. Ingle reports that Mello (1965a, 19б5Ъ, 1966) 
had already discovered that pigeons, having learnt to react to a 
left-eye presentation of a stimulus by pecking at a left-pointing 
arrow, made exactly the opposite response when the presentation was 
to the untrained eye. A possible interpretation of this phenomenon 
is that the experimental animals did not encode the spatial 
orientation of the stimulus object, but took the stimulus to be 
three-dimensional. An arrow pointing to the right, presented to the 
left eye, would thus be equivalent to an arrow pointing to the left, 
presented to the right eye: both are backward pointing arrows. In a 
number of experiments with goldfish where he employed a conditioned 
avoidance reaction as the response indicator. Ingle subsequently 
found that the fish certainly showed they were able to distinguish 
a left-pointing arrow from a right-pointing one with their 
untrained eye, provided the stimuli take up only a small portion 
of the visual field (8 -10 ). In similar experiments with a greater 
distance between the stimulus parts, however, the front - back 
equivalence found by Mello reappeared. As in the experiments on 
detection of movement, there is a forcible suggestion that the 
visual system of the goldfish is characterized by a dichotomy 
between on the one hand a shape-analysing process and on the 
other an orientation process that codes the spatial orientation of 
stimuli in relation to the living-space. 
It was along quite a different way that Gerald Schneider (1967) 
arrived at conclusions analogous to those of Ingle. He studied the 
effects of the selective removal of certain areas of the central 
nervous system (ablation technique) on the behaviour of gold 
hamsters. Schneider too is of the opinion that a better theoretical 
distinction between the different ways in which stimuli and 
responses are varied in neuropsychological research could take away 
many of the seemingly conflicting results. Research with the aid of 
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ablation techniques into the neuro-anatomical substrata of the 
visual system of mammals has chiefly been focussed on studying the 
effects of lesions in the colliculi superiores, the corpus 
geniculatum laterale (dorsal portion) and the occipital neocortex. 
Schneider reports a number of studies of this kind, from which it 
appears that some workers find complete blindness in cortical 
lesions while others show that the discrimination of differences 
in brightness and amount of contour remain intact. The effects of 
tectal lesions are equally contradictory: mostly no deteriation is 
found at all in discrimination achievements. 
Schneider describes two of his own experiments, from which he draws 
the conclusion that the "puzzling anomaly" of the existing research 
can be solved by making a distinction in the visual system between 
the function and neurological substratum of seeing what is 
presented and of seeing where it is presented. In the first 
experiment, Schneider attempted to determine the effect of, on the 
one hand, tectal and, on the other, cortical lesions on orientation 
behaviour concerning specific positions. There were three groups of 
experimental animals, with ablation of the colliculi superiores 
(8 Ss), ablation of the visual cortex (7 Ss) and with sham 
operations (Θ Ss), respectively. The animals were placed on a 
platform above which was mounted a glass ceiling. On this, a visual 
stimulus was jerked repeatedly. Measured was the number of times 
that the animal made an orientation movement towards the stimulus. 
At the same time the freezing behaviour was recorded. The results 
show that the animals with damage in the tectum opticum hardly 
performed any head-raising responses, whereas the group with 
cortical lesions made an orientation movement towards the stimulus 
as often as the control group did. At first sight one might say 
that the animals with tectal damage were blind. However, if one 
looks at the freezing responses, one sees that the animals 
certainly did react. They could not, apparently, carry out the 
correct orientation movement. Experiment 2 shows more clearly the 
difference between perception of place and shape. In this 
experiment a two-choice visual discrimination device was used. 
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Water-deprived animals were placed in a starting Ъох from which 
they could see two doors on which the visual discrimination prohlem 
was attached. The tasks used were the discrimination between white 
and black, between horizontal and vertical stripes, and between a 
pattern of specks and diagonal stripes. The results were now quite 
opposite to those for the first experiment: animals with colliculus 
lesions performed extremely well but the group with cortical 
lesions totally failed on the abovementioned discrimination tasks. 
They attained only a meagre result in two other problems, namely in 
discriminating between a bright and a dark colour and between a 
speckled and an even, grey pattern. From observation of the manner 
in which the tectal group solved the problem, it appeared that the 
animals did not directly localize the correct door from their 
starting box. Considering the results of the first experiment, this 
was indeed not to be expected. In contrast to normal hamsters they 
ran along the wall of apparatus towards one of the two doors, rose 
on their hind legs and made the choice, namely of entering or of 
running on to the other door. Schneider notes that, in order to 
find their way through the cage, the animals were totally dependent 
on tactile and olfactory cues. This appeared more clearly still 
when he placed a protruding partition between the doors. Although 
the animals with tectal lesions always learnt to open the rewarded 
door, they could not make the choice from a distance; the latter 
failure could not be accounted for by poor visual acuity, since no 
signs of myopia were observed. Schneiders conclusion is the 
confirmation of the general conclusion that can be made from the 
Boston symposium: "Taken together, the experiments show a 
considerable dissociation between the ability to learn to identify 
a stimulus and the ability to orient to it in space". 
Richard Held (1968) made a theoretical contribution to the 
symposium by an analysis of, on the one hand, the literature on 
vision ani visuomotor coordination in animals that have grown up 
without patterned visual stimulation, and on the other hand, of 
the experiments on adaptation to distorted-vision conditions by 
man. As in the case of the two latter authors, Held points at 
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differential effects resulting from early deprivation and from 
rearrangement of vision on localization performance and on form 
perception. As far as the effects of early deprivation are 
concerned, he too starts from a controversy in the literature: on 
one side Riesen et al. (1953) who found that cats, reared without 
exposition to structured visual stimulation, were poor at solving 
a visual form discrimination prohlem, while also interocular 
transfer following monocular training was helow normal, and at the 
other side Meyers and MacCleary (Ι96Ό who found that a form 
discrimination prohlem did not constitute an exceptionally 
difficult task for cats that had grown up in the dark. Also there 
was normal interocular transfer. The difference hetween the two 
experiments lies in the response in terms of which the learning 
criterion is made. Riesen used a Yerkes-Watson choice apparatus, in 
which the animal has to discriminate the stimulus from a distance 
and consequently run towards it, whereas Meyers and MacCleary 
employed the conditioned flexion of the hind leg as response 
indicator. In the first case, the animal did not fail, according to 
Held's interpretation, in the form discrimination prohlem, but it 
did fail in the visuomotor coordination required to execute the 
correct response. The difference in interocular transfer reflects 
another important distinction between form perception and 
visuomotor coordination: where the first type of task is concerned, 
deprivation of pattern stimulation does not lead to a dissociation 
of the eyes; with respect to the second type of task, however, the 
two eyes behave in a dissociated fashion. 
In other publications also. Held and coworkers showed that 
localization behaviour is dependent on and adaptable to the visual 
and kinesthetic feedback from active movements (Hein & Held,1967i· 
At the same time it appeared that the two eyes were dissociable 
with respect to behaviour of this type: interocular transfer was 
slight. Held believes that the difference in modiflability between 
orienting capabilities and form-analysing capabilities is not 
accidental. A growing animal will constantly be confronted with 
changing feedback from his limbs and changing input from his sense 
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Organs. Manipulation of objects and locomotion will only be 
succesful if the visuomotor system adapts to these changes. 
Visual rearrangement studies with human beings lead to analogous 
conclusions. Held quotes observations made by Kohler in which it 
appears that while wearing prism spectacles, orientation with 
respect to objects in space is restored much faster than is the 
perception of the contours of the objects. We refer in Kohier's 
report that after a few days of walking around with spectacles that 
invert the retinal image, he again saw the houses, trees, cars and 
so on in the normal orientation, while advertisements on shops, for 
example, still remained upside down. For the rest, we must point 
out that in the literature on distorted vision, comparatively 
little attention is given to adaptation as regards form perception. 
Most of the experiments concern locomotion and positioning 
behaviour. A great many of the experiments are concerned also with 
distortions that do not affect relations between the form elements. 
Smith & Smith (19б2а), for instance, worked exclusively with 
systematic reversals and angular rotations. As a criterion task 
they always used tracking and positioning. One can hardly consider 
these as constituting form analysis, even though some of the tasks 
consisted in tracing such complex shapes as alphabet letters (cf. 
Van Galen, I965). 
Up to this point we saw that a number of investigators have, along 
independent routes, come to the conclusion that the visual system 
of vertebrates typically has a twofold, functional and anatomical 
organization. Common to their findings was the fact that it always 
appeared that the results of a certain experimental technique 
(binocular transfer, ablation, visual distortion) showed interact­
ion with the nature of the stimulus material. On the one hand there 
was a set of stimulus discrimination problems that are concerned 
with discriminations along a single dimension, in which the 
stimulus presentation is not limited to a small section of the 
visual field, and which have mainly subcortical structures as their 
neuro-anatomical substratum. On the other hand there was a group of 
53 
discrimination problems in which is required the "perception of 
thingness", where a small portion of the visual field is intens-
ively analysed and where to a large extent cortical projection 
areas are involved. The former mode of visual coding is denoted 
by the term ambient vision and the latter by the term focal vision. 
Although Ingle, Schneider and Held were able to explain results 
obtained in such diverse species as fish, hamsters and cats on the 
grounds of one common theoretical notion, one could rightly 
question whether anything is implied of relevance to the human 
visuomotor system. The American investigator Colwyn Trevarthen, 
through his work on primates, has provided an important contribut-
ion to the study of the visuomotor system in species closely 
related to man. Trevarthen's contribution to the symposium consists 
of a justification of the idea of two mechanisms of vision on the 
basis of behaviour observations of monkeys and apes, of sensory 
Physiological and neuro-anatomical data and of his results of 
learning experiments with split-brain monkeys. The former two 
areas we shall only briefly discuss because they fall outside the 
scope of experimental psychology. 
Trevarthen states that a distinction between focal and ambient 
visual mechanisms does not only shed a new light on the psychology 
of perception. Analysis of the behaviour of apes and monkeys 
reveals that in their entire behaviour, ambient and focal 
components may be distinguished. Climbing, running and jumping are 
visuomotor activities in which all parts of the whole visual field 
are informationally of equal importance. A study of the spontaneous 
behaviour of the different species of apes and monkeys gives rise 
to the conclusion, according to Trevarthen, that in the higher 
primates focal activities occupy a more important position in their 
behavioural repertoire than is the case for monkeys. The latter are 
mainly active in twilight they are masters of the art of climbing, 
running and jumping, i.e. in the activities in which spatial 
information is equal over the whole visual field. They thereby rely 
entirely on scotopic vision. The higher primates, in contrast, have 
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a well-developed fovea which is capable of accurately analysing 
small sections in the whole functional field of vision. Moreover, 
the retinal specialization in the centre of the field of vision 
goes together with space-sampling eye movements with which new 
sections of the visual field are constantly "grasped" for 
analysis (cf. Walls, I962). 
Of more immediate concern for the hypothesis on a twofold structure 
of the visual system of man are Trevarthen's results with split-
brain apes. The split-hrain (SB) operation entails the severance of 
the corpus callosum and the commissure bands (anterior and 
hippocampal commissures) whereby the two cortex halves are 
separated as regards their telencephalic communication. In 
experiments with animals,the chiasma opticum is also cut, so that 
direct afference of visual information from the two visual 
half-fields into the ipsilateral cortex-half is ruled out. In this 
way, two contralateral eye-hemisphere combinations are brought into 
being, connected with each other only subcortically. Trevarthen 
used a specially constructed stimulus display device such that 
each eye, and thus each hemisphere, could be separately presented 
with a stimulus or pair of stimuli. The technique consisted in 
obtaining horizontally or vertically polarized stimuli by means of 
filters and filting the experimental animal with a polarizer on 
each eye. The experimenter is able to control exactly which 
stimulus is presented to which eye, since only horizontally 
polarized light will be allowed through a horizontal polarizer and 
only vertically polarized light through a vertical polarizer (see 
Figure З.З). 
At first sight, the effects of SB operations are not so drastic. 
Locomotion remains almost normal. However, with respect to manipul­
atory behaviour a strange dissociation of the hands appears. 
Latch-box problems, requiring accurate coordination of left and 
right hand activity, were again successfully solved only after long 
practice. Trevarthen concludes that where manipulatory behaviour is 
concerned, the two hemispheres can function as independent units in 
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the two contralateral halves of the work-field. SB experiments 
with cats (Myers, I956, I961), monkeys (Sperry, I961) and man 
(Gazzaniga, Bogen Ь Sperry, 19б2, 1965) demonstrate that each of 
the two eye-hemisphere combinations can he taught opposed 
discrimination problems. Again, according to Trevarthen, there is 
an important dependency on the kind of stimulus material. If the 
distinction has to be learnt between a cross and a circle, it 
appears that both brain-halves act independently. If, however, 
differences in brightness are used as stimulus, we see that the SB 
animal, after binocular training, still ignores one of the visual 
halves. Trevarthen further reports an experiment in which monkeys 
pre-operatively learnt a size-discrimination task. From a series of 
5 increasingly larger circles, a pair of adjacent circles was 
always presented. The animal had to select the larger of the two 
stimuli. After the SB operation, each of the two stimuli were 
presented separately to the two hemispheres by means of the 
polarization device. The result was clear: the performance level 
was the same as that reached before the operation. In a subsequent 
experiment on interocular comparison, however, a completely 
opposite result was obtained. An SB animal was taught to prefer 
stimuli with a horizontal bar on a vertically striped background 
or a vertical bar on a horizontally striped background above 
stimuli in which bar and stripes ran parallel. The two cortical 
hemispheres learnt this task without difficulty as long as bar and 
stripes were both presented to one hemisphere. As soon as the 
striped background was presented to the one eye and the bar to the 
other, the level of achievement decreased to chance-level. The 
conclusion is clear: discrimination tasks where information 
relating to more than one stimulus aspect has to be integrated, 
must be distinguished from tasks in which discrimination is 
conducted along only one dimension. 
The distinction between a topographically organized ambient system 
and a feature extracting focal system is also supported by recent 
neurophysiological evidence. Sprague (1972) provides a review of 
the literature on the effects of lesions in the superior colliculi 
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and in the pretectum, respectively. The species investigated are 
rat, hamster, tree shrew, cat and rhesus macaque. In general, the 
results of midhrain lesions are effects on spatial orientation 
(ambient vision). Pattern recognition remains unaffected. Moreover 
it appears from research Ъу Berlucchi, Spraque, Levy & DiBernardino 
(1972) that, in the cat, "the engram or memory is not in the 
superior colliculus". This would support our proposition that 
telencephalic focal perception is characterized by memory storage 
with respect to specific stimuli. Also Ingle (1973) has recently 
produced information in favour of the distinction between the two 
visual systems, when discussing the effects of unilateral removal 
of the optic tectum in frogs. 
The facts have become known from the study of lesions in the 
midbrain on the visual functions located there, have been confirmed 
and extended by the investigation of destriate animals. Humphrey 
(1972, I97U) and Humphrey & Weiskrantz (I967) report on the life 
history of destriate monkeys. It appears that, following ablation 
of the striate areas of the cortex, ambient perception and motor 
behaviour are gradually restored. The animal once again learns to 
localize objects and to make accurate spatial distinctions. With 
respect to pattern recognition tasks, however, no progress 
whatsoever is made. Humprey (197Ό primarily assignes an 
ontogenetic function to the midbrain. For its complete development, 
the cortex would depend on a "turning in" by the midbrain. 
3.7· The two-mechanisms hypothesis and double-stimulation theories 
In the preceding section we treated at some length the work of a 
number of researchers who, setting out from various different 
disciplines, believed they had found evidence for the proposition 
that the visuomotor system of vertebrates is characterized by a 
twofold structure. At an early evolutionary stage, a sensorimotor 
system is thought to have developed, controlling the locomotion and 
orientation of the animal in relation to his functional field of 
vision. Perception, in this system, means coding the degree in 
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which certain features are present in the input. Thus it is that 
the oculomotor system which regulates pupil size can work with an 
overall measure of light intensity. Dependent on the size of this 
variable, the pupil dilates or contracts. Coding of the position 
of obstacles may also be described by a process of discrimination 
with one or very few independent dimensions. For example, the 
egocentric position of an object in the horizontal plane is 
determined by means of a simple combination rule of the value of 
the eye-position in relation to the head and the position of the 
retinal projection. 
horizontal 
polarizer on 
right eye 
vertically 
polarized 
stimuli 
vertical 
polarizer 
on left eye 
stimuli seen on 
screen by monkey 
horizontally 
polarized 
stimuli 
Figure 3.3· The projection of the visual stimuli in tests of the 
split-brain monkey (from Trevarthen, 1968). 
In our opinion, one may describe this kind of coding of stimulus 
aspects as analog : between the input and the output of the coding 
mechanism it is possible to define a rule which specifies the 
relationship holding for the whole range of the variables involved. 
Ambient coding may, in our view, be termed analog coding. For an 
information-transmission process of this kind, no response memory 
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is needed either. Provided the system has a good transformation 
rule at its command, each response can he calculated from the input. 
This is also what one would expect in the case e.g. of positioning 
behaviour on the grounds of economic principles. A motor memory of 
enormous dimensions would otherwise be necessary to have a response 
programme available for every possible goal position. 
Over against ambient processing was the focal organization of 
behaviour. In the account of the Boston symposium, we meet with the 
characterization "perception of thingness". It was a perceptual 
ability which supposedly evolved later in time than the ambient 
faculties. As neuro-anatomic substratum, the phylogenetically 
younger neocortex is indicated. Focal activities appear in the 
behavioural repertoire of vertebrates only in the case of those 
animal species that are capable of manipulatory behaviour. Typical 
for focal perception is that the information of a great number of 
feature-detectors are combined into one response category. This 
coding process is digital in nature. A memory is needed in which is 
defined what requirements input must fulfill in order to activate a 
certain category state (Broadbent, 1971)· 
Let us now return to our deliberations on the origins of 
refractoriness. The most important point in our argument was that 
psychological refractoriness arises as a result of the piling up of 
input for the category state memory. Only that stimulus input which 
makes demands on this memory will be processed successively. Our 
excursion to the Boston symposium yielded the hypothesis that in 
vertebrates and thus also in man, there is evidence for an ambient 
and a focal processing level. Focal processing is impossible 
without decoding on the basis of memory information. Our hypothesis 
with respect to the psychological refractory period now reads that 
there is successive processing, in the sense of the single-channel 
concept, only when the perceiver processes the input at a focal 
level. Refractory delay, which is the result of converging streams 
of information, will then be found. We shall see that a more 
detailed analysis of the RT. and RT1 data is needed in order to 
59 
demonstrate the successive nature of processing. 
Ambient tasks can be carried out in a parallel fashion, vhich is to 
say that while one stimulus is undergoing the necessary processing, 
the organism can already begin dealing with the next. In the 
instance where ambient information can be processed in a part of the 
sensorimotor system quite different from that which is being 
occupied by other task, no psychologically refractory period is 
expected. In our view, this is the case with motor feedback. We 
will see in Chapter 5, on close inspection, that feedback does not 
delay the intake of new stimuli. 
From published data regarding refractory delay, it is clear that, 
although an experimental design is used where R1 and R5 were both 
positioning reactions, there nearly always is a delay of R„. This 
does not conflict with our theory on the inevitability of 
refractory delay as a result of feature-set testing. With 
simultaneous presentation of two ambient stimuli, delay can occur 
if both stimuli call upon the same ambient system. The organization 
of a positioning movement immediately upon a preceding one will 
take more time since the detection of the second signal occurs in 
a system in which the noise conditions are more unfavourable for 
the second signal than for the first. Indeed every perceptual 
activity is accompanied by a generally increased level of arousal. 
In recent literature on the subject, signal detection is regarded 
as a decision process in which incoming evidence (signal) has to 
be distinguished from the continuously present random input (noise). 
The result of this decision process is determined by two variables: 
the degree to which a signal influences the whole stimulation 
already present (the d' shift) and the degree of increase in the 
stimulus flux that the perceiver considers necessary to decide that 
the increase is due to the signal (Tanner & Swets, 1951*)· If we 
assume that each stimulus not only has specific components but also 
entails non-specific arousal (Walter, I96U), then it would hold 
that the signal-to-noise ratio for the second signal is smaller 
than for the first. The detection of the second signal takes on 
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average more time if the subject holds his criterion constant. We 
therefore predict that ambient tasks, in those cases where they 
call upon the same sensorimotor mechanisms for S as for S., will 
cause a delay, not because the stimuli can only be dealt with 
successively, but instead because the conditions are less 
favourable for Sp. 
At first sight it would seem we have made no more headway than 
with Welford's Single-Channel Model. We are of the opinion that 
examining a refractoriness theory with a weak test such as plotting 
the mean or median delay against ISI is not conclusive. In the 
following chapter we shall deduce several more precise predictions 
as regards RT and RT_ for ambient and for focal situations and 
test these against our experimental results. 
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Chapter h 
A DOUBLE STIMULATION EXPERIMENT WITH AMBIENT AND FOCAL STIMULI 
U.I. Introduction ада. Theory 
In our analysis of the double-stimulation effect, we have seen that 
explanation of the phenomenon by a theory in which the human 
perceptual system is conceived of as a single channel with limited 
capacity is not sufficient. In the first place, the comparison of 
only the median delay of RT with the values predicted by the 
equation RT = TD + RT - ISI is too weak a test (Chapter 2); 
moreover, it appeared that the limited capacity assumption 
(Chapter 3) does not necessarily entail an entirely sequential 
order of processing. 
Consideration of the double-stimulation situation in the terminology 
of current models of choice-reaction processes led us to make the 
proposition that stimulus processing is necessarily successive on 
account of the convergent nature of the shape-recognition process. 
We now arrive at the question as to whether every double-stimulation 
situation requires the entire process of stimulus coding and decoding. 
From the experimental literature on the phenomenon it appeared, for 
instance, that it is still not clear what the effects of feedback 
processing are : sometimes a delay is found and sometimes not. 
Are there perhaps different ways in which man processes sensory 
inputì In an excursion into the work of certain animal 
psychologists and neuro-psychologists we found support for our 
hypothesis that the human information processing system is of 
a multi-level type. This is to say that, instead of a model in 
which all receptors transmit their input to one single convergent 
system, we advocated the notion that two levels of information 
processing may be distinguished in man .Qri ent at i on and 
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locomotion of the body with respect to the behavioural field, 
control over the course of motor programmes, in short all 
adaptations to changes in the situation that may he typified 
as analog, are monitored hy an ambient sensorimotor system. 
A simultaneous load of this system by more than one kind 
of input merely leads to delays due to noise overflow from one 
activity to another. Separate from this, we have distinguished 
the focal level. Typical for the latter system is that the 
information concerning various stimulus aspects leads to 
classification through a process of convergence. Shape 
recognition is a task representative for this level. 
Multiple load by focal tasks leads to a sequential manner of 
dealing with each of the tasks. 
In the first experiment that we shall go on to describe, we 
have set out to show that a careful analysis of the refractoriness 
effect reveals a difference between double stimulation with 
focal stimuli and double stimulation with ambient stimuli. 
Our theoretical analysis of the phenomenon led to the prediction 
that a focal S- delays the processing of a focal S„ on account 
of the convergent character of the focal perceptual system. An 
ambient S. would retard an ambient S as a result of noise 
overflow. We have operationalized these propositions by analysing 
3 experimental effects. These are : 
1. the effect of stimulus similarity or dissimilarity on the 
size of the double-stimulation effect; 
2. the effect of the order of presentation of the stimuli, 
i.e. left-right versus right-left; 
3. the covariation of the product-moment correlation 
coefficient between RT and ΕΤ„ with the interstimulus 
interval. 
The influence of stimulus similarity on the size of the double-
stimulation effect 
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Effects of stimulus properties of the duration of the refractory-
delay have rarely been investigated. Smith (19б7а) demonstrated 
that a clearly detectable -visual S (U2ft.1.) causes less 
delay of RT than a weaker S (0.0U2 ft.1). In her I969 paper, 
Smith analysed various experiments in which the information 
load of S was varied. In general one could say that increased 
complexity of S. varies with increase in RT . Although these 
results do not seem to be in conflict with the Single-Channel 
concept, they can also be predicted from other models. Thus, 
if one ascribes double-stimulation effects to a decreased 
reaction readiness of the central nervous system (Telford, 1931), 
one will also predict that an S. requiring more intensive processing 
will leave the system in a state of fatigue over a longer period 
of time. A more direct test of the Single-Channel theory may 
be achieved by an experimental variation of the relation between S 1 
and S-. Let us consider the following experimental situation. 
S. is a choice-reaction stimulus appearing in one lateral half 
of the visual field that can take on the values χ or y; S is a 
choice-reaction stimulus appearing in the other lateral half 
of the visual field and also having the possible values χ and y. 
Thus we have four possible S. - S_ combinations, viz xy, yx, 
xx, and yy. We shall call the combinations xx and yy congruent 
because S. and S^ receive the same label. Example : in the left 
half-field the letter A appears and in the right half-field the 
letter A appears also. The combinations xy and yx, we shall 
call incongruent. Example : to the left the letter A, and to the right 
the letter B. If the probabilities of appearance of χ and y are 
equal an|i independent, a congruent S 1 - S« combination will appear 
as often as an incongruent combination. 
Focal stimuli, in our opinion, would be processed in a converging 
single-channel.Identification of identical visual patterns presented in 
spatially separated parts of the visual field refers to the same 
identification code. If we imagine the requirements concerning 
possible identification codes as being stored in memory locations, 
a eongruent S. - S ? pair will use the same memory information twice. 
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An incongruent S - S. combination will activate two different memory-
locations. Without further assumptions about the manner of 
functioning of the identification process, it is difficult to 
predict whether congruence of S and S will lead to an 
increase or decrease of the double-stimulation effect. If input 
comparison is accompanied by a local neurologically determined 
decrease of reaction readiness, a repeated call upon the same 
memory information will result in an extra delay. We have seen 
in Chapter 1, however, that this explanatory principle was only 
very short-lived in the literature (Telford, 1931). Basing one's 
expectations on experimental evidence, one would predict the 
opposite. Bertelson & Renkin (1966) demonstrated that in serial 
tasks a repetition of the signal of the preceding trial leads 
to a shortening of reaction times to the repeated stimulus. 
Although, in their experiments the subsequent stimulus was not 
presented until the response to the preceding had been made, 
the results obtained by Bertelson and Renkin indicate that a 
facilitatory effect of stimulus repetition remains present 
during a period up to 1000 milliseconds after S . Babbitt 
(1969), in contrast, did not observe a significant effect of 
the independent'variation of the conditions stimulus repetitici 
versus stimulus change and response repetition versus 
response change. In his experiment, reaction times were also 
obtained from a self-paced serial task. The Response - -
Stimulus interval was held constant. The type of task was 
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many-to-one mapping, i.e. to the digits 1 and 2 a reaction 
was always required by the left middle finger, and to the digits 
3 and h by the right middle finger. Babbitt also analysed the 
effect of making an error on the latencies of the two subsequent 
reactions. It is of importance that in general he did find a 
considerable delay in the error +1 and error +2 trials but that 
this was not the case in those instances where the next signal 
was a repetition of the preceding signal to which an erroneous 
response had been made. One might be inclined to regard this as 
a confirmation of the effect obtained by Bertelson and Renkin. 
A check-up on the wrong responses may thus imply the renewed 
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triggering of a correcting response,which would favour the speed 
of processing of the next signal. In a experiment with a 
same - different reaction-time paradigm Posner & Boies (1971) 
found shorter FTs for "same" letter pairs. These authors suggest 
that "the first letter activates internal units representing 
the stored information concerning that letter, which may then 
be more sensitive to identical stimulation for some period of 
time". This idea is in line with our assumption about the effect 
of stimulus congruence for focal stimulus pairs. 
Extrapolating from these investigations to our experimental 
situation permits us to expect with respect to focal stimuli 
a smaller double-stimulation effect in congruent stimulus 
pairs. With respect to ambient information processing we do 
not need an assumption on a memory for stimulus identification. 
Within this system stimulus values are assumed to be coded and 
translated into output in an analog fashion. There is no reason 
to suppose that values for calculating the instructions to 
the left hand affect the programming of motor innervations. 
Therefore we do not expect any congruence in ambient stimulus 
pairs. In brief, we propose that the converging character of 
the focal perceptual system will be reflected by a smaller 
delay of RTp with congruent S - S- combinations in the focal 
condition and no differential effect in the ambient condition. 
The effect of presentation order of the stimuli : left-right 
versus right-left 
The human body is predominantly bisymmetrical in the median 
plane, i.e. most extremities and organs constitute mirrored pairs 
to the left and to the right of the control axis. Geared to 
this anatomical symmetry is a functional symmetry : e.g. what 
the left leg can do the right can do also. Besides symmetry in 
the functional facilities there are, however, also numerous 
asymmetries in the human body. We consistently use one of our 
hands more often to perform manipulatory tasks ; we have a 
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preference for one eye when looking through a small hole 
(Kovac & Horovic, 1966, 1970; Steingrüber, 1971). It has become 
practice to speak of left and right handed people, which reflects 
a simplified model of the situation, which holds that one part 
of mankind is predominantly superior as regards organs and 
extremities to the right whereas the other part of mankind 
shows superiority to the left. The fact that in the anatomy of 
afferent and efferent innervation of the human hody, cross-over 
connections between brains and periphery, are more striking then 
the collateral connections has led to the conception that a 
behavioural preference for one of the body halves results from 
the dominance of one of the cortical hemispheres over the other. 
Functional asymmetry was interpreted as cerebral dominace. A 
significant impulse to the distinction between a major and a 
minor hemisphere was also the observation that language and 
speech disturbance in right-handed people is chiefly associated 
with lesions in the left hemisphere. Only during the past twenty 
years have notions on lateral asymmetries been tested against 
the facts and have thus gained in complexity. 
It appeared that the so-called speech centre is by no means 
always located in the so-called dominant hemisphere. For instance, 
Satz, Achenbach & Fennell (I967) observed that in a normal population, 
11 per cent of the right handed people have their speech centre 
in the right hemisphere. In the experimental psychological 
literature, publications appeared that attacked the concept of 
a single superior body half. Initially, the central issue was 
whether verbal information can be processed better in one 
hemisphere and visuo-spatial information better in the other 
(Mishkin Ь Forgay, 1952; Bryden, 1965; Kimura, I969). It is 
shown by White (I969) in a review paper that the matter is 
considerably more complicated than may be surmised from the simple 
diagram of crosswise connected hemispheres and body halves. 
Thus it can be shown that visually presented words of which the 
letters are located to the left and to the right of the fixation 
ppint are processed more efficiently in the left half of the 
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visual field. Single letters, however, when presented 
tachistoscopically to the left and right of the fixation point, 
are detected faster in the right-hand part of the visual field. 
The apparent contradiction in the data is removed if we take 
into account the direction in which we have learnt to scan visual 
material. White holds our reading and writing habits responsible 
for a postexposural trace scanning mechanism that analyses 
multiple element structures from left to right. In the case of 
single-element stimuli, the latter mechanism is not involved, 
so that the advantage of the more direct connections between 
the right visual half-field and the left, language oriented 
hemisphere comes into play. White (1971) has since changed his 
view. In an experiment in which the recognition of letters and 
of line orientations to the left and to the right of the 
fixation point was compared it appeared that with both types 
of stimulus material, better performance was obtained for 
presentations to the right. White believes that this asymmetry 
may be due to an asymmetrically developed contour coding 
mechanism. The left hemisphere is supposedly superior in the 
latter function. 
Information of special importance for the manner in which man 
functions as a double structure is also provided by findings 
in clinical neurology . Sperry, Gazzaniga 8¡ Bogen (I969) report 
on a series of investigations into the effects of hemisphere 
disconnection resulting from cutting the corpus callosum in man. 
Their observations are obtained from a group of epilepsy patients 
whose major commisures were cut as a part of their medical 
treatment. The most remarkable finding in the study is that it 
is only with special apparatus and testing paradigms that the 
effects of hemisphere disconnection can be shown. Up to that time 
the general opinion held in the literature, especially resulting 
from studies by Akelaitis and his coworkers (Akelaitis, 19't'*) 
as quoted by the above authors, was that a cutting of the 
commisures does not result in any demonstrable neurological or 
psychological dysfunction. Sperry, Gazzaniga and Bogen conducted 
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a series of experiments in which each of the hemispheres vas 
separately tested for recognition and identification of visual 
and tactile shapes, speech and writing ability, arithmetic, 
language and concept formation and motor functions. The 
investigators attempted an answer to two questions. To what extent 
can each separate hemisphere be regarded as a complete visuo-motor 
integration system, and to what extent is integration between the 
hemispheres still achieved following section of the commissures? 
The conclusions of greatest importance to us are that after 
disconnection each hemisphere functions as a complete and intact 
system. Some asymmetries exist, however. Verbal expression 
(speaking and writing, not verbal understanding) is almost 
entirely reserved to the dominant hemisphere. Copying three-
dimensional figures and performance in block-design test-items, 
however, were better when controlled by the so-called minor 
hemisphere (see also Bogen it Gazzaniga, 1965). With regard to 
the latter result, it should be noted that, as with the results 
of the language tests, so the asymmetry is especially concerned 
with the performance aspect of the task; patients are unable 
to copy a three-dimensional figure when their left hemisphere 
is isolated, but they can select it from an array of similar 
figures (Gazzaniga, I967). 
The overall picture that we gain is that of a so-called dominant 
hemisphere, specialized in the performance of complex movements, 
which require detailed monitoring and so-called minor hemisphere 
specialized in gross movements for which a general topographic 
representation of the behavioural field is of importance. We 
have here a distinction in the specialization of left and right 
hemishphere that corresponds to Trevarthen's distinction between 
focal and ambient. We can state, perhaps, that the dominant 
hemisphere is superior in the performance of focal activities 
whereas the non-dominant hemisphere is specialized in ambient 
behaviour. We call to mind here the reinterpretation that White 
(1971) gave of his finding that the left hemisphere is superior 
in letter recognition. The dominance would seem to consist in 
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a better shape-coding mechanism. This is precisely what 
Trevarthen means Ъу focal perception. 
We have treated the prohlem of the bilateral anatomical and 
functional organization of the human body in some detail. The 
reason for us to do so is that certain notions concerning the 
single-channel character of human information processing seemed 
to be at odds with the neuro-anatomical structure of the system. 
Man possesses two hemispheres that, irrespective of a partial 
specialization, can function as independent units, as it appears 
after disconnection. The picture provided by Gazzaniga and his 
coworkers of a normal functioning brain is one of a continual 
struggle for dominance in the organisation of behaviour. An 
important fact in this context is that it appears from disconnection 
studies that the dominant hemisphere is capable of innervating 
both the crosslateral and the ipsilateral muscles (Gazzaniga, Bogen 
& Sperry, 1967). The non-dominant hemisphere merely has control 
over the crosslateral musculature. The integration of behaviour 
is supposedly secured by the fact that in people with an 
intact cerebrum, one hemisphere is subordinated to the other. In 
split-brain patients the situation is different. Whereas in normal 
subjects the simultaneous presentation of two discrimination tasks, 
one in the left part and one in the right part of the visual field, 
leads to a delay of the processing of the second task, such a delay 
is not found In SB patienta. They do not show the double-stimulation 
effect either. We also saw that the most striking asymmetry was that 
the dominant hemisphere performs better with respect to focal 
tasks. One may also interpret this as follows. The human body 
shows a dual structure, which generally is a bilaterally 
symmetrical structure. This means that performance in most types 
of tasks is ensured of a double control. As regards the most 
highly specialized forms of behaviour, however, there is a 
different situation. Focal activities, and among these in 
particular language and speech, have a more highly developed 
neural substrate in the dominant hemisphere. This implies that 
focal information converges into one of the two hemispheres. 
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In double-stimulation experiments with visual stimuli the subject 
is in general presented in the left visual half-field with that 
stimulus to which he must react with his left hand, and similarly, 
in the right visual half-field with the stimulus for his right 
hand. Such an experimental situation, as a consequence, has the 
primary projections of the two stimuli in different hemispheres. 
In such a situation, similarly, the organisation of the response 
will Ъе effectuated in the hemisphere where the stimulus is 
projected. At least we may assume the correctness of this 
description as far as ambient information processing is concerned. 
Experimental variation of the order of stimulus presentation 
- left half-field before or after the right half-field - will 
provide us with information on the degree to which one hemisphere 
causes a double-stimulation effect in the other. We see that in such 
a situation the notion of one single channel for all kinds of 
stimuli is insufficient. Kerr, Mingay & Elithorn (1963) investigated 
whether dominance effects appear in bilateral hand reactions to 
visual stimuli with ISIs of 0 or 100 milliseconds. They observed 
that in the case of simultaneous stimuli reactions with the 
dominant hand were faster than the reactions with the non-dominant 
hand (difference 15 milliseconds). At ISIs of 100 milliseconds, 
however, the effect was the reverse: the second reactions with the 
dominant hand were 25 milliseconds (p < .05) slower than reactions 
with the non-dominant hand. This would mean that activity in the 
non-dominant hemisphere causes a greater retardation effect to the 
dominant hemisphere than vice versa. We have stated earlier that 
ambient information processing causes a delay effect due to noise 
overflow. We are now faced with the question whether the extra 
delay effect caused by activity in the non-dominant hemisphere 
is perhaps caused by differences between the two hemispheres in the 
mode of stimulus projection. Support for this may be found in the 
work by Semmes (I968) who, on the basis of her investigations with 
patients suffering from unilateral brain lesions, suggested that 
laterality phenomena in behaviour arise from an essential 
difference in the neurological organisation of left and right 
hemisphere. She studied the problem to what extent in patients 
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with unilateral Ъгаіп lesions a relationship can be established 
between the locus of the lesion and the kind of the resulting 
behaviour disturbance. The striking result was that lesions in the 
left hemisphere were much more indicative of a locally organized 
neural substrate, whereas lesions in the right hemisphere displayed 
the picture of a diffusely organized structure. 
Summing up, we believe we are in a position to predict that double 
stimulation with ambient stimuli will Dead to a significant order 
effect. The sequence left - right will result in a longer delay for 
the right hand than will the sequence right - left for the left 
hand. In the case of focal stimuli, the matter is different. Focal 
stimuli will, irrespective of their arrival from the left or from 
the right, converge into the dominant hemisphere. Here the second 
stimulus will incur delay. There is, however, no reason to assume 
that the latter delay will be dependent on the hemisphere 
corresponding to the retinal half-field onto which the stimulus was 
projected in the first place. 
Correlation between RT. and RT. 
In his 1967 review of the literature, Welford compared a number of 
values derived from his own data (1959) with the predictions of the 
theories he was discussing. Amongst these statistical data was the 
tau-value for the correlation between RT and RT 2 + ISI. The 
argument is straightforward. The Single-Channel concept predicts a 
positive correlation between RT. and RT + ISI on the grounds of the 
equation RT„ = TD + RT. - ISI. Welford indeed finds a significant 
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positive correlation (tau = + .1*73; ρ < .001). It should be noted 
that when we speak of empirically obtained reaction times rather 
than of the theoretical values TD. and TD_, we use the symbols 
RT. and RT . These observed data are not entirely free from 
periferous factors such as slowness of the arm, resistance of the 
press-button, and so on. In general, it is assumed that the effect 
of factors of this kind is constant. An objection we made in 
Chapter 2 against the use of the correlation between RT. and 
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HT» + ISI vas that one would already expect a positive tau-value 
on the grounds of the fact that the reaction times of a single 
subject are correlated positively, especially if they follow one 
another closely in time (Fleishman, I966). A more precise analysis 
of the relationship between the first and the second reaction 
seemed to us the following. We have grouped the RT., RT- pairs 
according to increase in size of ISI. Subsequently we calculated 
for each ISI the product-moment correlation coefficient (r— __ ). 
1 2 
This measure provides us with an estimation of the strength 
of the relation between RT. and RT- within ISI-groups. The 
Single-Channel Model predicts that this relation will become weaker 
with increasing ISIs. We have therefore calculated the rank 
correlation coefficient between r^ ,, „„ and ISI. We shall call this 
measure r ' . 
Our third prediction is related to the effect of focal versus 
ambient stimulus processing on the value г'. If it is true that 
focal stimuli are processed by a converging single channel, double 
stimulation with focal stimuli for ISI values < RT, will yield a sign. 
positive r'. In contrast, the experimental situation in which 
two ambient stimuli were presented for each ISI, will yield values 
for r' which, although positive do not necessarily decrease with 
increasing ISI. 
U.2. Procedure and design 
Eight paid students (7 male and 1 female) participated in the 
experiment as subjects. Four were predominantly right and four 
predominantly left-handed. Right or left-handedness was determined 
by a series of questions on the preferred extremity in drawing, 
standing and dialling telephone numbers , cutting with a knife and 
with scissors, propelling a scooter, striking matches, kicking. The 
subject was classed as right or left-handed if he preferred the 
right or the left extremity respectively for all the named 
activities. The procedure we chose for determining lateral 
dominance deviated from the usual test procedure (see Barnsley & 
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Rabinovitch, 1970). Generally an extensive list of questions is 
filled out on the preferred extremity, as well as on the preferred 
eye and ear. The assumption behind this is that lateral dominance 
is a continuous variable that can vary from extreme left-handedness 
to extreme right-handedness. In our view there is a real danger that 
the empirically obtained continuum of scores is an artefact of the 
test construction and constitutes no proof of an actual continuous 
character of lateral dominance. By adopting test items from very 
divergent psychological functions, such as the use of hands, feet 
and sense organs and, moreover, very culture-sensitive activities 
such as eating with knife and fork or writing, one would indeed 
obtain individual scores that certainly display a great range. Our 
analysis of the literature showed that there are no grounds for 
taking lateral dominance to be a single universal concept. One 
might, making the necessary restrictions, speak of asymmetrically 
specialized functions instead. When determining differences in 
lateral dominance it would, consequently, be wiser to look for 
items that have both high intercorrelations and correlations with 
alleged right-handedness. It should be noted that the search for a 
correlation with left-handedness seems less promising because as 
available evidence shows, left-handedness may not be regarded the 
mirror case of right-handedness. In the selection of items for our 
list, we have chosen behaviour samples known (Kovac & Horkovic, 
1966) to correlate maximally with right-handedness. 
Stimulus display and response panel 
We selected the letters А, В and E to serve as focal stimuli. 
Letters, in our view, represent clearly the characteristics of 
focal stimulation. This implies that letters are compound visual 
forms that, according to a digital coding rule, trigger a response 
in the observer's memory. The letter stimuli were presented in a 
display consisting of two alphanumeric Nixie tubes В 8971 medium, 
manufactured by Burroughs. The letters were h cm tall and 2 cm wide. 
Both tubes were mounted behind a transparent screen in the centre 
of which a fixation spot was painted. The distance from the 
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fixation point to the centre of each of the two letter stimuli was 
2 cm. The display was placed at a distance of 180 cm from the 
subject in a plane at right angles to the line of sight. Given 
these measurements, the part of the visual field within which all 
the information was presented during a double-stimulation trial 
о о ' 
was no greater than 2 horizontally, and 1 20 vertically. Mounted 
in the top of the response panel were two sets of three 
microswitches, one set to the left of the sagittal plane for the 
left index finger, and one set to the right for the right index 
finger. The six microswitches were situated on one horizontal line 
parallel to the subject's frontal plane. Each of the two sets 
comprised a central rest position and two goal positions ¡t.5 cm on 
either side of it. As long as no stimulus was presented, the 
subject held the left and right rest buttons depressed. 
GA R_^ GB GA R _ 0 
rest rest 
Figure U.I. Schematic diagram of the response panel. G. corresponds 
with the goal position for the A stimulus and G corresponds with the 
goal position for the В stimulus. 
At every double-stimulation trial, one of the three possible letter 
stimuli appeared to one side of the fixation point, its position 
being uncertain for the subject. Through the verbal instruction, 
the letter A had been associated with a jump movement from the rest 
position to the goal position on its left. The letter В in turn 
corresponded with the goal buttons situated to the right of the 
rest positions. The stimulus letter E was used as catch stimulus, 
i.e. on the appearance of E to the left or to the right of the 
fixation point, the subject was required to keep the corresponding 
finger or fingers on the rest position (see Figure U.I). 
We have used catch stimuli to prevent the subject from adopting a 
strategy in which the lighting up of the stimulus would serve as a 
signal for leaving the rest position before recognition of the 
stimulus had occurred. In such a strategy the subject first lifts 
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his hand vertically off the rest hutton and makes the jump movement 
to the correct goal tjutton from this raised position. Since we 
take the time between the lighting up of the stimulus and the 
departure from the corresponding rest button as an estimation of 
the processing time of the stimulus, and similarly, the time 
between the departure from the rest button and the depression of 
the goal button as a measure of movement time we would get a 
contamination of the time required for response selection and that 
for response execution. Catch stimuli as used by us force the 
subject to analyse the stimulus to the stage of indentification 
before starting the motor programme. We have chosen the letter E 
as catch stimulus because in the alphanumeric display it has a 
number of elements in common with both A and B. Thus we evade a 
drawback that has always precluded the use of reaction times in 
the study of shape-recognition processes. When measuring the 
latencies of reactions to complex shapes, one nearly always meets 
the problem that subjects do not attempt recognition of the entire 
shapes but rather select one or more easily recognizable aspects 
that suffice to discriminate between the alternatives. If, for 
example, one wants to know how fast a subject can make a visual 
choice reaction to upper case and lower case letters, one should 
realize that without catch stimuli, the subject could be content 
with a discrimination of the size of the presented pattern 
without identifying the stimulus as a capital or small type letter, 
д second type of catch trials were the trials having an 131 of 910 
milliseconds. These were intended to prevent the subject from 
grouping the two stimuli together. If one waits until S during 
a long ISI, RT. will show a sizable increase. By the use of these 
long ISIs and by providing the subject with knowledge of results 
during the training stage as regards his RT , we have tried to 
counteract the occurence of grouping. For the presentation of 
ambient stimuli we made use of the same stimulus display and 
response panel. The ambient stimuli were presentations of a 
vertical line, either in the left or in the right part of the 
visual field, where it could appear in one of three possible 
positions. In Chapter 3 we have stated that ambient information 
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processing is characterized Ъу a discrimination of differenceò 
along a single dimension such that the perceiving system can 
operate on an analog coding rule. In other words, the observer 
translates Ъу means of a single rule one value on a continuum of 
possible values into a response on a continuum of responses. In our 
paradigm, the subject discriminates the location of the vertical 
lines in relation to the fixation point. The alphanumeric tubes on 
the stimulus display were controlled by exchangeable wiring so 
that the same display could be used for the presentation of letters 
and of stripes. The length of the vertical stripes was 1* cm. The 
distance between them was 1 cm. The visual angle of the stripes was 
equal to that of the letter display, so that under ambient stimulus 
conditions also the subject could analyse the relevant part of the 
visual field without making eye movements. 
The response panel for ambient stimuli was identical to that of the 
condition with focal stimuli. The subject made jump reactions from 
the rest position to the left or to the right. With the left index 
finger he reacted to stimuli on the left of the fixation point and 
similarly he used the right index finger to react to stimuli to 
the right of the fixation point. In each of the two visual half-
fields, the vertical stripe appearing farthest to the left implied 
a jump reaction to the left and that farthest to the right 
commanded a jump reaction to the right. The central line of the set 
of three possible positions was a catch stimulus. The reasons for 
the use of catch stimuli were the same as those that applied to the 
focal stimuli. 
In an preliminary study we had defined the contrast between the 
stimuli and the background illumination such that for single 
stimulus presentations the reaction times to focal and to ambient 
stimuli would be approximately equal. 
Stimulus-presentation and response-recording apparatus 
The stimuli for double-stimulation trials were generated by ал 
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automatic stimulus generator with hardware programming (Psychol. 
Lab. TD 6902З EA 26). The duration of each trial was constant and 
totalled θ seconds. The interstimulus intervals varied from trial 
to trial: they were set manually. The system's random-generators 
were programmed such that independently in the left and in the 
right display-halves, one of the three stimulus alternatives was 
always selected. With the aid of digital counters we measured the 
following durations in milliseconds. 
a. The time between the appearance of the first stimulus (S.) and 
the departure from the starting position by the appropriate 
index finger of the subject. This time is taken to be the 
estimated duration of S processing; it will be referred to as 
RT.. In the same manner an estimation was obtained for the 
processing of the second stimulus (S_) which will be referred to 
as RT 2. 
b. The time between leaving the rest position and arriving at the 
goal position in each of the two halves of the work field. In 
this way a measure was obtained for the duration of the two jump 
movements. We used for this the symbols TM. and TM . In those 
trials where catch stimuli are presented, a subject's correct 
reaction will appear as zero on the corresponding TM counter. 
c. The time between the appearance of first and second stimulus, 
referred to as ISI. Thus for each trial, five time intervals 
were measured. Four seconds after the trial had started these 
were read out and punched on tape. At the same time it was 
recorded which stimuli were presented and which goal buttons 
were depressed by the subject. 
During the experiment, the subject sat in a Philips amplifon box. 
In the box were a chin rest for fixation of the head and also the 
response panel. The stimulus display stood on a table outside the 
box, visible to the subject through a window. 
In the experiment there were four conditions 
a. Focal stimuli (letters) in the order left-right. This means that 
S. was presented to the left of the fixation point and S- to the 
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right. 
Ъ. Focal stimuli (letters) in the order right-left. 
с Ambient stimuli (line positions) in the order left-right. 
d. Ambient stimuli (line positions) in the order right-left. 
In every condition data were collected of four blocks of trials 
containing 110 observations each. Every one of the eight subjects 
took part in each of the four conditions so that every subject 
produced 16 blocks of 110 data recordings. These іб blocks were 
divided over 8 sessions. Counterbalancing was applied between 
subjects and conditions to control for order effects, under the 
restriction that in a single session only stimuli of one type were 
presented. 
Within every block of 110 measurements, the ISI was varied, accord­
ing to a pseudo-random schedule, over the following values: 10, 
110, 1б0, кбО, 610, and 910 milliseconds. The pseudo-random 
schedule was arranged such that in every 11 successive trials, the 
ISI value 910 occurred once and the other ISI values each occurred 
twice. Out of every 11 trials, three trials were selected as catch 
trials, again according to a pseudo-random order. This implies that 
in a catch trial, there could be either one or two catch stimuli. 
Every subject took part in 11 sessions of the experiment. A session 
lasted approximately one hour. On the same day there was not more 
than one session per subject. The first two sessions were devoted 
to training the subject in interpreting the stimuli and in 
performing the jump reactions. Following the training sessions 
there were eight experimental sessions. The last session was used 
to measure 100 simple reaction times under each of the four 
conditions. 
Data processing 
The data recorded on punch tare were categorized into the following 
twelve categories by the programme REFRAC1 (written by J. Kuipers 
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en W. Verstegen of the Statistical Service Department of the 
Psychol. Lati, at the University of Nijmegen). 
1. Anticipations. The reaction time to S is less than 150 
milliseconds. We assume that in these cases the appearance of 
S has induced a premature, undifferentiated reaction to S . 
2. Forward intrusions. The subject makes an error to S Ъу 
executing, after presentation of S , the same response to S0 
as to S . 
3. Backward intrusions. The subject reacts to S with the reaction 
appropriate to S . 
h. Omissions. The subject skips a reaction to one or both stimuli. 
5. Errors. Erroneous reactions to S and S that do not fall into 
the categories 1, 2 or 3. 
6. Catch trial errors. Reactions to catch stimuli to which the 
instruction applies that the subject must not make a motor 
reaction. 
7. EE-correct. Adequate inhibition of both the first and the second 
reaction when both S and S are catch stimuli. 
8. ES-correct. Adequate inhibition of the first reaction on account 
of S. being a catch stimulus. 
9. SE-correct. Adequate inhibition of the second reaction on 
account of S being a catch stimulus. 
10. Congruent stimulus response combinations including anticipat­
ions. In both halves of the visual field identical non-catch 
stimuli are presented. This entails the performance of 
similar movements with left and right hand. An example of an 
ambient, congruent stimulus response combination is the 
following. To the left of the fixation point a line appears 
in the left part of the half-field; to the right of the fixation 
point the line also appears in the left part of the half-field. 
The subject makes a jump reaction with his left hand to the 
left goal button on the left half of the response panel and 
with his right hand a jump reaction to the left goal button 
on the right half of the response panel. 
11. Incongruent stimulus-response combinations. In the left and 
right halves of the visual field, two different stimuli appear, 
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to which the subject correctly reacts in different ways. 
12. Remainder. Trials which, due to punching errors, could not 
he classified. 
Having grouped the trial data into the twelve categories, the 
computer programme drew up for each subject an ahsolute and a 
relative frequency tahle of the categories over the four 
conditions. Subsequently, for every category where this applied, 
it calculated the values of the mean (M), the median (Md) and the 
standard deviation (s) for RT., RT , TM. and TM . These means and 
medians were plotted separately for each category against ISI. 
Finally, over congruent and incongruent stimulus combinations, the 
product-moment correlation coefficient between RT and RT was 
computed for each ISI separately. 
ί.3· Results: Effects of the order of presentation and of 
congruence of the stimuli 
The proportion of error reactions was generally not large. Only in 
the catch trials was more than 1 per cent of the reactions 
erroneous. In the focal conditions this percentage was 3.00 and 
3.25 and in the ambient condition 5·75 and 6.50. It appeared that 
the number of errors decreased as practice increased. The measures 
taken against stimulus grouping proved to have been effective. 
Table U.l comprehends for each condition separately the mean and 
the standard deviation for the RT and the RT -data. It is clear 
that RT. is constant for the whole range of ISIs. The data from the 
individual subjects are in agreement with this general picture. We 
may conclude that the subjects did not follow a grouping strategy. 
In section b.1 we explained that the convergent character of focal 
information processing as opposed to the more independent 
processing of ambient streams of information must be reflected by 
effects of congruence on the one hand and of presentation order on 
the other. As an index of these effects we took the refractory 
delay in processing the reaction to the second stimulus at the 
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ISI-values of 10, 110 and 2б0 milliseconds. The RTp-values at the 
ISIs of І+бО, 610 and 910 milliseconds were used to оЪІаіп an 
estimate of a normal undelayed RT in a double-stimulation 
situation. The Figures k.2, k.3, h.U and U.5 present the results 
graphically. In order to evaluate the congruence effect we shall 
first look at Figure k.2, in which the data are given for 
right-handed subjects under focal stimulus conditions. The course 
ISI 10 
Stim.Order L-R R-L 
Focal .Congr. M=509 
s - 78 
Focal,Incongr.M=52U 
3= 89 
Amb.Congr. М = Ш 
s= 92 
Amb.Incongr. M=l<82 
s=100 
Focal,Congr. .M=6U7 
s=109 
Focal,Incongr.M=736 
s=136 
Amb.Congr. М=б7б 
s=136 
Amb.Incongr. №=650 
s=121 
kgk 
87 
533 
90 
U75 
103 
1+70 
81+ 
653 
112 
76О 
IUO 
61+8 
138 
63І* 
117 
110 
L-R 
511 
71+ 
1+93 
97 
502 
99 
1+97 
87 
57I* 
109 
659 
131 
603 
109 
593 
113 
R-L 
1+87 
81 
505 
90 
1+70 
92 
1+1+1+ 
97 
570 
102 
653 
117 
597 
130 
55I+ 
115 
260 
L-R 
503 
97 
507 
100 
1+95 
122 
I+9I+ 
99 
1+78 
112 
521» 
121 
508 
130 
1+73 
110 
R-L 
1+81+ 
82 
511 
102 
1+1+7 
81+ 
1+68 
92 
1+78 
93 
565 
120 
1+95 
109 
1+72 
108 
1+60 
L-R 
509 
97 
518 
86 
1+92 
110 
1+95 
108 
1+30 
07 
1*1*9 
86 
1+17 
92 
1+07 
89 
R-L 
1+93 
81 
1*86 
83 
1+1+2 
98 
1+63 
101 
1+22 
81 
1(65 
82 
I+19 
99 
1(16 
101 
610 
L-R 
520 
101 
503 
100 
1+82 
121 
522 
122 
390 
97 
1+00 
92 
375 
97 
371+ 
98 
R-L 
1+79 
89 
1+76 
93 
1+58 
10І+ 
1+37 
93 
,396 
99 
1+28 
102 
397 
102 
377 
97 
Table U.I. Values of the Mean (M) and standard deviation (s) of RT. 
(upper half) and of RT (lower half).Within each condition the data 
of the eight subjects have been pooled. 
of the refractory delay of RT for congruent focal stimulus pairs 
is represented in drawn lines. The dotted lines represent the data 
of the incongruent focal stimulus pairs. Clearly, both under the 
L-R presentation order (thin lines) and under the R-L presentation 
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order (thick lines), congruent combinations entail less delay than 
incongruent combinations. The data of the left-handed subjects show 
the same picture: congruent stimulus combinations cause less delay-
in either order of presentation (Figure U A ) . Seeing the overall 
picture is the same for left and right-handed subjects, we have 
pooled the data of all θ subjects together in the first two rows 
of Table h.2. We see that the average differences between congruent 
and incongruent stimulus pairs are of the same order of magnitude 
with a tendency to decrease over increasing ISIs. In Table 1+.3 the 
pertaining t-values are given. These t-values when tested one-
tailed are all significant at the .05 level. 
When we look at the data concerning ambient pairs, we discern an 
entirely different situation. Figure lt.3 presents a survey of the 
results obtained from the right-handed subjects and, analogously, 
Figure I+.5 gives these data from the left-handed. In contrast to 
what we found for focal stimuli, there is no smaller delay 
whatsoever under congruent than under incongruent combinations. 
The apparently large difference in Figure U.3 for the R-L data at 
ISI = 110 milliseconds is not significant due to the large 
variance in the constituent scores. The same applies to the R-L 
data at ISI = 10 in Figure U.5· Moreover the direction of the 
differences is in general opposed to that in the case of focal 
stimuli. In the third and fourth row of Tables h.2 and lt.3 we have 
presented the absolute magnitudes of the differences and the 
pertaining t-values, respectively, for the ambient stimulus data 
pooled over all eight subjects. 
Results: effects of presentation order 
Examination of the order effects reveals a picture that is 
precisely the reverse when focal and ambient stimulus pairs are 
compared. Let us first look at the reactions to ambient stimuli 
made by right-handed subjects (Figure 1*.3). Both in the case of 
congruent and incongruent stimuli, we see that the order of 
presentation has a consistent effect on the size of the delay of 
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RT . In all instances the presentation order L-R causes a longer 
delay. This means that an RT. process in the non-dominant 
hemisphere has a more disturbing effect on a subsequent process in 
the dominant hemisphere than vice versa. In the case of focal 
stimulation such an order effect is not present in any consistent 
manner. 
The picture of the four left-handed subjects taken together is the 
same as that of the data from the right-handed (cf. Figure 1*.5 and 
k.3). At first sight this outcome is surprising. If we look at the 
individual data it appears that of the four left-handed subjects, 
there are three who show results that parallel those of the right-
handed. In one subject the relations are indeed the reverse. We 
may perhaps regard these results a confirmation of the suspicion 
expressed earlier in the literature that left-handedness as 
measured by preference implies only in a very small proportion of 
the cases right-hemisphere dominance as measured by means of 
proficiency scores (Dimond, 1972). 
In the Tables h.k and k.5 we present an outline of the order 
effects under focal and ambient stimuli conditions. The table with 
the mean differences clearly shows that order effects are 
consistently in one direction only for ambient stimuli. Out of the 
six t-values for order differences under ambient stimulation, four 
are significant at the .05 level. 
Summing up, we believe there are sufficient grounds to state that 
the results support the theory that focal information processing 
differs from ambient information processing in a number of respects. 
The high RT.., RT correlations and the covariance with duration of 
ISI are in agreement with the notion that the information-processing 
system has a strictly intermittent character for focal stimuli. 
Moreover, the finding of congruence effects and the lack of order 
effects support the thesis that focal information processing is a 
convergent process, which means that the information from the senses 
flows together into one single memory system. We would also regard 
oh 
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ISI 10 110 2é0 
Focal 
Focal 
Ambient 
Ambient 
L-R 
R-L 
L-R 
R-L 
85.1* 
Θ7.0 
- 18.1* 
- 29-9 
89.3 
6?.6 
2.5 
32.5 
37-9 
66.9 
27.0 
- 3.2 
Table U.2. Mean differences in milliseconds between RT« with incongruent 
and RT with congruent stimulus pairs. 
ISI 110 260 
Focal 
Focal 
Ambient 
Ambient 
L-R 
R-L 
L-R 
R-L 
3.00 
2.95 
- 0.85 
- 1.1*5 
3.86 
1*.11 
o.ii* 
1.78 
1.60 
2.65 
1.78 
О.38 
Table lt.3. Values of t for the effects of stimulus congruence .for 
focal and ambient stimuli respectively. 
ISI 10 110 260 
Focal Congruent - 1.1* 
Focal Incongruent - 3.0 
Ambient Congruent 39-9 
Ambient Incongruent 51.1* 
9-9 
З5.5 
З5.5 
65.5 
6.3 
22.7 
56.6 
3l*.9 
Table lt.lt. Mean differences in milliseconds between RT. with order 
of presentation of the stimuli L-R and RT with order of presentation 
R-L. 
ISI 10 110 260 
Focal Congruent - 0.07 
Focal Incongruent - Ο.0Θ 
Ambient Congruent I.OU 
Ambient Incongruent 1.51 
0.79 
1.11 
1.21 
5.01 
0.1*2 
1.2l* 
?.80 
2.1U 
Table 1*.5. Values of t for the effects of order of presentation of 
the stimuli, for focal and ambient stimuli respectively. 
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our data as supporting the suggestion made Ъу Kimura (I969) that 
one of the two hemispheres is specialized in letter recognition. 
In the case of amtient information processing a striking phenomenon 
of lateralization occurs. The right hemisphere has a stronger 
disturbing effect on activities in the left hemisphere than vice 
versa. Here we have a confirmation of a suggestion that has been 
made earlier on the basis of neurology-oriented research. The 
right hemisphere is characterized by a more diffusely organized 
structure with a higher level of noise whereas the left hemisphere 
displays a more locally organized structure (Semmes, I968) for 
which Trevarthen uses the term "focalized". 
h.k. Results: the correlation between RT. and RT ? 
For each of the four main conditions we have calculated per ISI 
and per subject the product-moment correlations r between RT. and 
RTp. The values of r were plotted against ISI so that we were able 
to procure an insight into the course of the covariance of the 
first and second reaction process. An illustrative picture is 
presented by Figure it.6 in which, for two of the data sets, the 
course of r is given for focal stimuli and for ambient stimuli. 
The figure, however, is not representative for all the data sets. 
In order to determine the strength of the relations between r and 
ISI, we have worked out the rank correlation coefficient r' for 
this relation in all data sets. Table U.6 presents a comprehensive 
outline of these data. Of the 32 comparisons between focal and 
ambient data sets, the relation between r and ISI is stronger for 
focal stimuli in 23 cases. Moreover, for ambient stimuli, r' is 
positive in 11 out of the 16 cases. We tested differences between 
the r'-values obtained for the four conditions by means of the 
Wilcoxon matched-pairs signed-ranks test. We found in the R-L 
presentation order both of congruent and incongruent stimulus 
pairs, significantly (5 per cent) greater r'-values for the focal 
stimuli. In the L-R order, however, the differences do not reach 
the 5 per cent significance level. In the case of focal stimuli 
there is more evidence of successive, intermittent processing than 
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there is in the case of ambient stimuli. The results of the 
correlation analysis are, however, far less consistent than the 
congruence and order effects are. When we made the assumption that 
the length of ISI would influence the covariation between RT and 
RT„ for the focal pairs we departed from the assumption that the 
probability that S has to wait for admission into the single 
channel, would be greater for the smaller ISIs. When ISI becomes 
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longer a greater number of stimuli would get immediate entrance into 
the processing system. Possibly this model is applicable for the 
ambient data as well. When an ambient stimulus is being processed, 
it will, in our view, influence the processing of a second stimulus 
by way of noise induction. The duration of this process of noise 
induction will depend on the length of RT-. This will result in 
higher values of r for the shorter ISIs. This might explain that 
we found a rather great number of negative values of r' for the 
ambient conditions. 
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Congruent 
Stimulus Pairs 
Ss 
1 
2 
Stim.Order 
R-L 3 
1* 
5 
6 
7 
θ 
1 
2 
Stim.Order 
L-R 3 
1+ 
5 
6 
7 
8 
rfocal 
- .1*9 
- .91* 
• 91* 
- .89 
+ .60 
- .1*3 
- .77 
-1.00 
- .66 
- .91* 
-.83 
- .26 
- .71 
-1.00 
- Λ3 
- .89 
ambient 
- .31 
- .11* 
.91. 
- .26 
+ .1*9 
- .71 
+ .09 
- .60 
- .37 
- .77 
-.26 
-.83 
- .31 
- .66 
- .20 
+ .03 
Incongruent 
Stimulus Pairs 
rfocal 
-1.00 
-.9U 
+ .51* 
- .66 
- .03 
- .83 
-1.00 
- .91* 
+ .1*9 
- .51* 
- .66 
- .11* 
- .1*9 
- .66 
- .60 
- .37 
r' 
ambient 
- .03 
- .66 
+ .51* 
+ .11* 
- .03 
+ .26 
- .88 
_ .1+8 
-1.00 
+ .03 
- .83 
+ .09 
+ .1*8 
+ .37 
- .91* 
- .57 
Table 1+.6. Rank correation coefficients r' (see text), showing 
the decreasing trend of the relation between RT and RT, with 
increasing ISIs. 
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Chapter 5 
FEEDBACK AND CENTRAL INTERMITTENCY 
5.1· Introduction 
The English investigator Craik (191»?, 19^8), who is generally-
considered to have been the instigator of the systematic study of 
the intermittent nature of human information processing, based his 
notion of "the human operator as an intermittent-correction servo" 
on the oscillating nature of tracking responses. The subject's 
task consisted of tracing by hand a continuously moving target, 
e.g. a line. From Craik's analysis, it appears that he uses both 
the changes of the signal (the position of the track) and the 
"misalignments" of earlier movements as input for further 
computations by the central system. In experimental situations 
such as this, no distinction is made between external input and 
feedback. 
It had already been suggested by Craik that the intermittent nature 
of reaction processes should be studied by means of discrete rather 
than continuously changing stimuli. Vince (Ι9Ί8, I9U9) therefore 
turned to the use of step functions as the track-pattern. This 
created the opportunity to distinguish between, on the one hand, 
the question whether successive incoming discrete signals are 
processed intermittently and, on the other, the question whether 
feedback from preceding responses interferes with handling new 
stimuli. If we view the literature on double stimulation, we see 
that the former question has claimed virtually all attention. In 
itself, this situation is not unexpected. In the literature on 
human perception too, little can be found on feedback processes. 
This statement is probably less valid with respect to recent 
developments in the perception literature (see e.g. the TOTE 
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model Ъу Miller .Gallanter & Pribram (i960) and the analysis-
by-synthesis model as described by Neisser (I967))· In the area 
of space perception, feedback, especially of proprioceptive 
information with respect to the egocentric position of the eyes 
(Hajos, I968) and limbs (Howard & Templeton, I966), occupies 
a main position. 
In the literature on the psychological refractory period, the 
processing of feedback has initially received some attention, 
namely from Welford and from Davis (see below). In more recent 
publications, however, the subject hardly recurs. 
Before we look into the question whether feedback processing 
implies central intermittency, we shall briefly review a few 
opinions on the status of feedback. In general, the term feedback 
is used in the literature on motor skills to denote changes in the 
total stimulus flux such as result either directly or indirectly 
from the activities of the organism itself. Thus, changes in the 
pattern of the pressure receptors in the footsole upon a shift 
of the body's centre of gravity, are regarded as feedback. But 
also communications by the experimenter on the effectiveness of 
an aiming action by a subject are included in the concept of 
feedback. Although a general formulation of what is understood by 
the term feedback is available, we are by no means in a position 
to say that the properties of feedback processing are known. There 
are indeed relatively detailed models concerning feedback 
processing in a number of well-defined motor activities. We may 
refer here to investigations on orientation movements in insects 
(Hinde, H.A., I969). It is yet far from clear at which levels and 
in what ways feedback processes contribute to the general 
sensorimotor functioning. In the psychological literature feedback 
processes are differentiated in various ways. One of the oldest 
differentiation criteria is that according to sensory modality. 
Thus were introduced the terms visual, auditory, tactile, 
vestibular and proprioceptive feedback. The latter category takes 
an important position in the literature on motor skills. It 
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includes feedback that is assured Ъу receptors that are located in 
muscles, tendons and joints. Distinguishing according to sensory 
modality has the advantage of clarity. One may point at a different 
sensory system used for each of the categories. This does not 
provide us, however, with a classification that is psychologically 
relevant. 
In close connection with the division according to sensory modality 
are the categories of interoceptive and exteroceptive feedback. 
Interoceptive feedback corresponds to proprioceptive feedback and 
exteroceptive feedback refers to sensory systems that respond to 
surface stimuli: touch, vision, hearing. Howard & Templeton (I966) 
state that a distinction according to kind of receptors is less 
relevant from a psychological point of view. In the sphere of 
touch and propriocepsis we may indicate a number of different 
receptor groups that do not always imply a corresponding 
distinction in the psychological sphere. The authors advocate the 
use of the term kinesthesis in order to indicate the perceptual 
system that informs the organism as a whole about its position and 
movement on the basis of various proprioceptive and vestibular 
receptor systems. Another criterion for the categorization of 
feedback is based on the possibilities of experimental 
manipulation. Delayed feedback is the term for feedback that is 
retarded by the intervention of the experimenter. For a review of 
the effects of delayed auditory and visual feedback, we refer to 
Smith & Smith (19б2Ъ). Augmented feedback occurs in experimental 
situations where the experimenter adds extra information concerning 
the results of the subject's performance. Beside the above 
categories which in our opinion have a chiefly pragmatic value, two 
pairs of concepts are in use with a wider theoretical scope. We are 
referring to the distinction between behaviour-controlling and 
reinforcing feedback on the one hand and intrinsic and extrinsic 
feedback on the other. 
In the American literature, the psychology of learning which is 
mainly modelled after SR principles plays an important part in the 
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discussion on feedback classification. Adams (1961») distinguishes 
behaviour-controlling and reinforcing feedback. The former 
category would then serve to provide the organism with information 
on speed, acceleration, direction and distance of its movement. The 
latter type of feedback corresponds to what is traditionally called 
Knowledge of Results. It would serve to increase the habit strength 
of the immediately preceding segments of movement. Although 
relatively little attention has been paid to the acquisition of 
motor skills, the distinction between the different effects of 
feedback made by Adams plays an important role in those few 
investigations that have been undertaken on this subject. 
Especially Mowrer (i960) has become renowned for his view that 
during the acquisition of complex motor skills, as a result of a 
classical conditioning procedure, the proprioceptive feedback takes 
on an intervening function in connecting a series of movement 
segments into a complex motor programme. Despite the elegance of 
Mowrer's construction, his notion on skill learning has never 
received much adherence in Europe. In the recent literature 
particularly, it becomes apparent that the view on a motor skill as 
consisting of S-R elements that are successively "triggered" by 
proprioceptive feedback can no longer be upheld. A suitable example 
may be found in the field of speech. For a long time there has been 
a controversy in this area between, on the one hand, investigators 
(e.g. Liberman, Cooper, Harris & MacNeilage, I962) who thought that 
speech consisted of pre-programmed units with open loop 
characteristics and, on the other hand, authors who stated that 
programming involves goal positions which are attained by means of 
a closed loop feedback system. It occurs to us that the latter, 
target-based model has won the case. To this an important 
contribution has been made by MacNeilage (1970) himself in his 
theory that the speaker possesses an "internalized space coordinate 
system" by which are described the invariant goal positions for the 
vocal motor system. The speed with which goal positions alternate 
in human speech has, for a long time, been an impediment for the 
feasibility of closed loop theories. Sussman (1972) shows that 
numerous neurological and psychophysiological data make the 
9I» 
existence of such a fast feedback system plausible. Considering the 
developments in the field of speech motor studies, we see that 
feedback, much rather than being a trigger stimulus for pre-
programmed habits, is an element in a cybernetic system which 
rapidly adapts to new circumstances. 
Annett (I969) distinguishes intrinsic and extrinsic feedback. 
Intrinsic feedback is used to denote the direct, temporally con-
tingent registration by both interoceptors and exteroceptors of 
position and accelerations of the effectors. By extrinsic feedback 
is meant the information concerning the effects of one's own 
behaviour by mediation of another system (organism, apparatus). 
Annett's dichotomy emanates from a starting point quite different 
from that of Adams, who proceeds from the point of view of the 
psychology of learning. Annett has explicitly opposed this view. 
For him, the primary function of feedback is a cybernetic one. His 
distinction is based on the assumption that the immediate control 
of ongoing behaviour must be kept separate from the adjustment of 
new reactions on the basis of extrinsic feedback. In the former 
case there are closed-loop processes which are very sensitive to 
temporal disturbance, e.g. delayed feedback. For extrinsic feedback, 
temporal contingency is a matter of far less concern. This 
classification by Annett is, in our opinion, the most relevant one 
in view of the question to be dealt with in the present chapter. We 
shall see that Welford (I967) uses the term feedback with two 
different meanings that are closely related to the respective terms, 
intrinsic - extrinsic. 
It is striking that, with the exception of a few specific fields of 
experimentation, relatively little empirical work has been done on 
feedback. The latter fields of experimentation, moreover, often 
seem to have been selected for the technical possibilities they 
offer rather than to have arisen out of the theoretical progress 
made. This does not deny the fact that the experiments referred 
to here have often provided important information with respect to 
controversial issues. 
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Thus, c o n t r i b u t i o n s towards reducing the b ias favouring the 
approach t o feedback from the learning psychology angle have 
c e r t a i n l y been made by the work of Lee (1950), Fairbanks (1955) and 
Smith & Smith (19б2Ъ) on t h e ef fects of delayed feedback. Indeed, 
t h e e f fec t s of a delay of feedback ranging from 0 - 500 mil l i seconds 
are not a t a l l in agreement with the r e s u l t s of s t u d i e s on the delay 
of re inforcement. The ser ious dis turbance caused p r e c i s e l y by short 
delays are in support of a closed loop i n t e r p r e t a t i o n of feedback. 
The s c a r c i t y of experimental work on feedback processes i s due t o 
the d i f f i c u l t i e s of manipulating feedback phenomena. In p a r t i c u l a r , 
d i r e c t , i n t e r o c e p t i v e feedback i s hard t o i n v e s t i g a t e . 
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Figure b . l . Simplified version of F i t t s ' (1962) conception of the various 
feedback loops that play a part in a man-machine system. Loop 1 represents 
the central control of perceptual mechanisms. Loops 2 and 3 indicate the 
flow of proprioceptive feedback. Loop It represents the feedback that is 
inherent m the task of controlling the machine in question. The numbers 
5 and 6 stand for augmented feedback provided by the Experimenter. The 
numbers 7 and 8 represent opposing forces brought about by correcting 
control movements. 
In a d d i t i o n t o t h i s , the formulation of r e l
e
v a n t t h e o r e t i c a l i s sues 
on t h e s t a t u s of feedback has only r e c e n t l y made a s t a r t . One 
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of the questions that will have to be considered is that of the 
relationship between the processing of feedback information and the 
perception of external signals. Whereas Broadbent (1971) leaves the 
level at which feedback is dealt with unspecified in his flow model 
of information processing, one will find that various other authors 
have supposed feedback loops at several different levels. By way of 
illustration we present in Figure 5.1 a diagram of the categories 
of feedback distinguished by Fitts (1962) in a man-machine 
situation. It can be seen that the information feedback from the 
motor system is returned towards the central sensory system (Loop 
2) and is processed in a separate system. It is certainly not 
unlikely that feedback processing occurs at several levels. There 
is recent neurophysiological evidence (Sussman, 1972) to support 
this notion. However, it has not yet become clear whether a portion 
of the feedback information occupies the same parts of the central 
channel as external stimuli. The double-stimulation experiment 
offers the possibility to study this question empirically. 
5.2. Does feedback interfere with the processing of a second signal? 
The relationship between feedback processing and the Single-Channel 
Model has probably been dealt with most extensively by Welford (1952, 
1959, 1967). Typical for his approach is that Welford attempts to 
fit feedback processing into his statement of the Single-Channel 
Model. This implies that Welford holds the view that both in the case 
of double stimulation by two external signals and in the case of 
double stimulation by feedback and one external signal, the two 
signals are processed in a sequential fashion. 
Beside the already quoted formula for the prediction of RT„ in those 
cases where S arrives during RT (see Chapter ?), Welford has 
developed two equations for the situation in which S arrives during 
the motor stage and for the situation where S arrives immediately 
following the motor stage of the first reaction. Without being 
explicit on the question whether different forms of feedback must 
be distinguished, Welford does use two symbols, however, to 
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distinguish feedback during a movement from feedback following the 
reaction. The time during which the first form of feedback is 
thought to occupy the central channel is denoted by TFb and the 
time of feedback processing following a reaction by TFe. 
For those situations in which S arrived during the motor stage of 
the first reaction (RT. < ISI < RT. + TFb ) the following equation 
would apply: RT = RT.. + TD + TFb.. - ISI. This formula is in 
principle identical to the basic formula of the Single-Channel 
Model. It states that the processing of S is made up of two 
components, viz, a "normal" decision time (TD ) and a waiting time 
starting at the presentation of S and ending as soon as the first 
feedback stage is over (RT + TFb - ISI). The data collected by 
Vince led Welford (1952) to estimate TFb at 150 milliseconds. For 
experimental situations in which Ξ arrives after the movement stage 
of the first reaction, the same reasoning may be applied by analogy 
taking into account that S is not dealt with until the presumed 
engagement of the central channel by the second stage of feedback 
processing has come to an end. Thus in the case of 
RT- + TM1 < ISI < RT. + TM + TFe.. we have 
RT = RT + TD + TM + TFe. - ISI. The duration of TFe would be 
equal to that of ТБТэ and thus amount to 150 milliseconds 
approximately. Welford himself states that, theoretically, the 
relation between RT and ISI should show a sawtooth function. In 
other words, RT decreases from its maximum to its normal value in 
the area where 0 milliseconds < ISI < RT ; it incurs a new delay of 
maximally 150 milliseconds in the ISI range defined by 
RT. < ISI < RT + TFb.; then it decreases again to zero by the end 
of the motor reaction. The latter delay is repeated in the TFe 
stage. These statements by Welford are consistent as long as the 
three experimental situations (S before, during, or after TM.) are 
considered separately. A first theoretical problem, however, occurs 
if one asks what happens in experimental situations where all three 
possibilities exist. Welford assumes that feedback processing will 
engage the central channel only if S occurs during that stage. A 
question that in our opinion one should ask is what happens to 
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feedback if S has already been presented during RT and is, as it 
appears from the experimental results, processed immediately 
following the termination of RT-. Has the capacity of the channel 
suddenly expanded in that case? Welford attempts to solve this 
problem by assuming that the monitoring of M.. "captures" the central 
channel only in those cases where there is as yet no S present. It 
occurs to us that this is a phrasing in different words of what has 
to be explained. 
There is, however, empirical evidence in support of the notion that 
the processing of an S presented during or following TM. is delayed. 
Both Vince (ipW) and Welford observed that the reaction time to a 
second stimulus is lengthened also for ISIs > RT . It may be 
premature to conclude from this that the engagement of the central 
channel by feedback processing is the cause of the delay of RT„. 
Vince used a task in which the subject had to track a step function 
with a pencil. We have already mentioned that the objection against 
such a task is that a reaction is required of the same effector 
both to S. and to S . In his 1959 study, Welford meets this 
objection. His subjects were seated opposite a display containing 
two neon tubes. When the light on the left lit up, the subject 
pressed the button under his left hand; the lighting up of the 
light to the right entailed pressing a button with the right hand. 
The light to the right gave a short flash with regular k second 
intervals; the light on the left lit up at random intervals with 
an average duration of k seconds. This gave rise to a sequence of 
S - S pairs with a variable ISI in which S. could appear either 
to the left or to the right or in which both stimuli could appear 
to the left or both to the right. Each of the 5 subjects completed 
only one single 20 minute run. The data were analysed trial by 
trial, allowing separate treatment of every single stimulus pair 
as to the occurence of S before, during, or after TM. . Thus 
Welford obviates an objection that applies to many publications 
on double stimulation. 
The results confirm Welford's Single-Channel account. RT? is 
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lengthened for ISIs up to 1,000 milliseconds approximately (see 
Figure 5.2). Estimating TFb on the basis of the overall results 
yields a TFb value of 171 milliseconds, which is in agreement with 
earlier estimations (1952). Also the RT distribution was analysed, 
after the supposed waiting time had been subtracted. 
500 
Uoo 
300 . 
200 
100 
• 
1 
• 
R 
L 
R 
afterL or 
after L 
after R 
1 1 
L after 
ι 1 
R 
1 
RT, 1.0 2.0 3.0 h.O 
periods after end of M in sees. 
Figure 5.2. Mean reaction times to signals following at different intervals 
after previous signals.(from Welford , 1959) 
This distribution should have a mean and a variation equal to those 
of the RT1 distribution. The results deviate from the predictions: 
there are too many short RT observations. Even so Welford maintains 
that his feedback notions are not endangered. He does so by 
introducing a grouping hypothesis which amplíes that in certain 
cases two stimuli can be assimilated simultaneously by the 
information-processing system and be treated as a group. 
Welford shows that other aspects of his data support his grouping 
hypothesis. Reactions identified by him as grouped corresponded 
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to shorter ISIs than nongrouped reactions. Shorter ISIs would sooner 
lead to dealing feedback and S together. Apart from the question 
whether the аЪо е interpretation is again an undue ad hoc 
explanation, we believe we must doubt whether it is permissible to 
assert on the grounds of the results provided by Welford that 
feedback processing occupies the central channel. Here we can refer 
to data published by other authors such as Davis (1956), Marill 
(I957) and, especially, Rabbitt (I969) that provide an entirely 
different picture. None of these authors observed a delay in RT« 
for ISIs > RT. if trained subjects were used. Before reviewing a 
more recent experiment by Rabbitt (I969), we must question the 
procedure adopted by Welford. Two aspects deserve our special 
attention in this context. Firstly it seems unlikely that reliable 
double-stimulation data can be obtained from subjects who 
participate in an experiment for only one 20 minute session. The 
adoption of this procedure is justified by Welford by pointing out 
the possibility that after prolonged training, the movements can 
be expected to be performed in a ballistic fashion, but as we saw 
in Chapter U, experimental evidence from the field of distorted 
feedback research is opposed to this view. It would rather seem 
plausible to us that the subject was insufficiently prepared to 
making responses to the second signal (S ) as a result of the 
unpredictable sequence of the S.. - S order of appearance. This 
explanation is supported by the fact that in those cases where 
a stimulus appeared twice to the left, the RT was particularly 
long (see Figure 5·2). The other aspect that makes us doubt the 
relevance of Welford's data is related to the serial nature of 
the task. Actually, the subject was not faced with a sequence of 
double-stimulation trials, but instead with a continuous sequence 
of stimuli in which there was no specific order. It may be true 
that the character of Vince's original experiment was approximated 
by Welford's procedure but to us it seems likely that the subjects 
have in general adopted a strategy of waiting and grouping which 
resulted in an overall delay of reaction times. Indeed, continuous 
tasks have greater similarity to situations in every day life, but 
it is unwarranted to conclude from this that such procedures yield 
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more relevant data on single-channelness. Babbitt (I969) discerns 
the objections that are inherent in Welford's empirical evidence. 
Babbitt adopted an ample training period: three blocks of trials 
during each of 5 days. In contrast to the usual procedure, the 
latter author varied the interval between the onset of the first 
reaction and the presentation of S . Within blocks of trials the 
R - S interval was held constant (at 20, 120, or 220 milliseconds); 
thus within any block of trials, every reaction j - 1 triggered 
stimulus j after a constant interval. The stimuli in the experiment 
were the digits 1,2,3 and h. When the digits 1 or 2 appeared, the 
subject had to react with his left middle finger (many to one 
mapping) while a 3 or a h entailed a reaction with the right middle 
finger. Because every stimulus in succession was chosen at random 
from the four possibilities, the reactions can be split up as 
follows: identical transitions (repetition of the same signal), 
equivalent transitions (repetition of the same response), and new 
transitions (new signal and new response). Babbitt observed that 
the overall RT.,, for the conditions ISI = 20, 120 and 220 
J 
milliseconds amounted to 381 , 3^5 and ЗІ+О milliseconds respectively. 
There was no interaction with the transition classes. Babbitt is 
of the opinion that the latter fact in particular undermines 
Welford's concept concerning the relationship between feedbacK and 
single-channelness. 
In a subsequent experiment it was moreover found that RT. was 
J ' 
not affected by the selective information value of stimulus j for 
the same R - S intervals. Babbitt concludes that a S... that is 
J+1 
presented during the movement stage of an В. is not obstructed by 
J 
the processing of feedback. Taking into account Babbitt's 
experimental conditions, the latter conclusion is, in our opinion, 
not correct. The feedback problem, however, has not, in our view, 
been brought nearer to a solution. What was actually varied was the 
uncertainty of the external stimulus. At the response side there 
was always a very simple press buton operation. It should moreover 
be noted that the constant R. - S^- interval facilitated 
preparation with respect to the next stimulus. 
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It occurs to us that, when considering the relevance of the Single-
Channel concept in relation to feedback processing, we are faced 
with problems that are analogous to those encountered when stock 
was taken as regards external stimuli. The problem is that the 
process under investigation, in this case feedback processing, 
hardly receives any attention. One of the first requirements to 
improve this situation is that the spatial uncertainty of the 
response or better still the nature of the required motor behaviour 
be varied. In the next section we shall describe an experiment that 
attempts to meet these objections and the ones mentioned earlier. 
5.3· Experiment 2: Is the central channel blocked by feedback 
during and following positioning movements? 
The above points of criticism have led us to perform an experiment 
in which the following considerations were taken into account, (i) 
The experimental setup should be such that the reactions to be made 
entail a considerable amount of space uncertainty. Only in that 
case is it justified to regard it as a feedback experiment. We 
therefore adopted a setup in which jump reactions had to be 
performed either with the hands or with the feet, (ii) We selected 
the ISIs such that a relatively large proportion of S stimuli 
would coincide with the movement time of the first reaction, (iii) 
Analysis of the data is achieved by establishing for each of the 
S- - S combinations in what stage of the total reaction process S 
was in fact presented, (iv) The occurence of grouping should be 
avoided. We have tried to accomplish this by training the subjects 
and by inserting a large proportion of catch trials. These were 
trials in which the second signal did not appear. Thus, subjects 
who were inclined to wait for Ξ in order to group it together with 
S.. were discouraged, (v) Anticipatory reactions should also be 
prevented. This was effectuated by having the subjects make choice 
reactions - this in contrast to Welford's procedure - such that a 
complete or partial preparation of the response is possible. 
The question put in the experiment may be summarized as follows. 
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Will a close inspection of the RT curve yield indications of a 
delay of RT_ at the beginning and/or at the end of the movement 
stage of the first reaction? 
Subjects and apparatus 
Four subjects served in the experiment: two of them were right-
handed, two left-handed. During the experiment the subjects were 
seated at a table on which was placed the stimulus display and 
the response panel for manual reactions. On the floor under the 
table was the response apparatus for foot reactions. On the stimulus 
display there were two lights on either side, left and right 
of a central fixation point. In the condition with the sequential 
order left-right, first of all one of the two lights in the left 
half of the visual field lit up, followed, after the ISI, by one 
of the two lights in the right half of the visual field. For 
every trial, the stimuli were selected randomly by an automatic 
random generator. The response panel for manual reactions was 
placed before the stimulus display on the same table. The panel 
had six press-buttons, two of which served as rest positions 
for the left and the right hand remaining depressed until a 
signal appeared. On either side of these rest positions there were, 
for either hand, two goal buttons corresponding to two signal 
lights in the left and right visual half-field. On the lighting up 
of a signal, the subject's hand jumped to the respective goal 
positions. The distance to be covered was U.3 cm. By means of 
digital counters both the time between the lighting up of the 
signal and the departure from the rest position (RT) as well as the 
time between the departure from the rest position and the 
attainment of the goal position (TM) were measured in milliseconds. 
Foot reactions were measured by means of an apparatus similar to 
that used for the manual reactions. On the floor were mounted four 
goal pedals, two for each foot. Between each pair of goal pedals 
there was a rest pedal which was pressed down during the time that 
no signal appeared. The distance to be covered was 16 cm. As with 
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the талией reactions, here too the reaction time between present­
ation of the signal and onset of the movement (RT) as veil as the 
movement time itself (TM) were recorded separately. 
The signal lights remained on until the subject reached the correct 
goal position. Thus, at the end of every movement, a distinct 
visual feedback was given to the subject. The interval between 
successive double-stimulation trials was θ seconds. 
Procedure 
The purpose of the experiment (see 5.2) was to look for evidence 
in support of Welford's statement that both at the beginning and 
after the termination of a movement, feedback processes occupy 
the human central information-processing channel. We therefore 
opted for an experimental situation in which the subject must cover 
a certain distance before reaching a spatially uncertain goal 
position. As far as hand movements are concerned, the task may 
perhaps be called a relatively familiar one, allowing visual 
control. The foot movement condition was adopted in order also to 
include in our investigation purely tactile-kinesthetically 
controlled movements. Moreover, the use of one's feet in a 
positioning task is rather unusual in everyday behaviour, so that 
non-controlled, ballistic execution is virtually impossible. It was 
expounded in Chapter 3 that the lack of an effect of the spatial 
order of the stimuli in a double-stimulation pair (left half-field 
first or right half-field first) seems to indicate that both 
stimuli are processed in one single central system. As we saw in 
Chapter 1* this was the case with letter stimuli. In instances of 
ambient stimulus pairs we did obtain order effects. This was 
predicted on the assumption that ambient information is dealt with 
by parallel, decentralized systems. The relevance of sequential 
order as an experimental variable is found in the opportunity it 
provides to explore whether or not feedback processing reflects the 
characteristics of bilateral asymmetry. The presence of order 
effects would plea the case for putting feedback and ambient 
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information processing on a par. An absence of order effects may 
mean two different things. Either feedback, just like focal 
information, is processed in one central channel; or feedback 
processing is a non-cortical activity in which case no effects of 
cortical asymmetries would occur. Because the order variable is 
closely related to the subjects' lateral preference, we have 
selected two left-handed and two right-handed subjects according to 
the same criteria as in Experiment 1. 
We may thus summarize our experimental conditions as follows. 
a) Jump reactions with the hands in the order Left-Right. 
b) Jump reactions with the hands in the order Right-Left. 
c) Jump reactions with the feet in the order Left-Right. 
d) Jump reactions with the feet in the order Right-Left. 
All four subjects took part in all conditions. The experiment 
comprised one training session and six experimental sessions for 
every subject. A session lasted approximately one hour. During 
every session, the subject was presented with 100 successive trials 
in each of the four conditions. The order of the conditions was 
varied systematically over the six sessions so that sequence 
effects were counterbalanced. Within each series of 100 trials, 
the interstimulus intervals were chosen at random according to the 
following a priori frequency list. 
ISI = ItO milliseconds 3x 
ISI = 120 milliseconds 3x 
ISI = 2І40, 280, ТбО milliseconds 5x 
ISI = 800 milliseconds 1+x 
ISI = 8Uo milliseconds 3x 
ISI = 880 milliseconds 2x 
ISI = 920 milliseconds 2x 
By choosing a relatively larger number of ISIs between 2U0 and 800 
milliseconds, we were able to obtain a comparatively large number 
of trials in which RT 1 < ISI < RT1 + il TM , these being of special 
interest because in these trials S arrives during or immediately 
after the movement made to S.. 
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In order to counteract as much as possible a grouping strategy on 
the part of the subject, I5 catch trials were presented in each 
block of 100 trials. In these catch trials S was omitted 
Data analysis 
The total number of trials per subject amounted to 60O per 
condition. Every trial yielded a RT , RT , TM. and a TM value. 
• 
RT 
ISI 
• * 1¿TM 
y • 
* 
" 
t 
Figure 5·3. A schematic diagram of those double-stimulation situations 
where S„ coincides with the processing of feedback from the first motor 
reaction. (ISI - RT.) gives the absolute place of the arrival of S p in 
the TM process. This point is made independent of trial-to-trial 
1 
fluctuations of TM by dividing (ISI RT, by the actual value of TM 
The computer programme REFRAC2, written by J. Kuypers selected all 
those trials at which S arrived within the range that is of 
interest for the study of feedback. The criterion of selection was 
RT < ISI < RT. + 1j TM.. Figure 5.3 gives a schematic representat-
ion of the time relations of S and the TM. process. Subsequently 
it was established for every one of the selected trials in exactly 
which part of the TM + j TM.-period S had arrived. To this end t 
ISI — RT 
we computed 1 χ 100 for every trial. These data, in terms 
TM 
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of percentages, were grouped in classes with a width of 5 per cent. 
For every class running from 0 - 5, б - 10 through 1U6 - 150 per 
cent, the mean values of RT. , RT , TM.. and TM„ were worked out. For 
each of the 30 classes, moreover, the frequencies per class were 
computed. 
Results 
We have regrouped the data provided Ъу the programme REFRAC2 
because the number of observations falling into one class with a 
width of 5 per cent often did not exceed 10. We have, therefore, 
added classes together, viz, classes 1 through 10, 11 through 20, 
21 through 25, and 26 through 30. The figures 5.1*, 5·5, 5·6 and 5.7 
provide a survey for each of the subjects in the four conditions. 
Inspection of the RT curves reveals that the reaction to the 
second signal when it arrives at the onset of TM.. is slightly 
delayed in comparison to the final asymptotic level of RT (in 13 
out of the 16 curves). The longest delay is in the order of 50 
milliseconds. In most cases the difference is considerably smaller. 
The RTp curves predominantly show a slightly declining course until 
a value is reached at the end of TM (class 20) equalling the final 
level of RT . 
In no case do we find that after the termination of TM there is 
again a refractory delay. There is no trace whatsoever of the 
sawtooth suggested by Welford (19бТ)· Obviously, the exteroceptive 
signal of the extinguishing light upon the execution of the correct 
reaction does not interfere with the assimilation of new 
information. An explanation in terms of grouping as was provided by 
Welford (I959) is out of the question because mean and variance of 
TM1 remained constant over all ISIs. 
Analysis of sequential order effects does not yield any significant 
order effect in the delay of RT . The overall picture for hand and 
foot reactions for both left-handed and right-handed persons is the 
same. The interpretation of our data leads to at least two obvious 
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conclusions. Firstly, one may suppose that for compatible hand and 
foot movements to spatial goals, the processing of feedback does 
not occupy the central channel. Secondly, although a certain degree 
of interference was established, there is no indication whatever 
that we have here two successively operating feedback processes, 
one interoceptive, the other exteroceptive. On the contrary, we 
find support for a feedback process which, though somewhat 
interfering especially at the beginning of the movement, exerts 
less and less interference on new information as the movement 
proceeds. We believe, furthermore, that we have found empirical 
evidence for the hypothesis that feedback may be described best by 
relatively decentralized servo-loops. This is in agreement with 
what is suggested by Gibbs (1970) in his physiological model of 
proprioceptive feedback. In terms of Figure 5·1 this means that 
Loop 3 is more representative of what happens during a positioning 
task than Loop 2. This analysis of the problem of the relationship 
between feedback processing on the one hand and concepts regarding 
the functioning of the central channel on the other has been 
deliberately chosen for an experimental situation in which the 
only kind of performance that occurred was positioning behaviour 
in response to spatial stimuli. The chief reason for this was that 
we wished to investigate a problem which in our view has been 
insufficiently dealt with in the literature. In as far as there 
are publications on the matter, they report only the use of simple 
hand movements. However, this does not in the least provide a 
solution to the feedback problem. An important question is whether 
beside the discussed decentralized feedback processes there are 
also feedback processes that do occupy the capacity of the central 
channel or interfere in some more intensive manner with central 
activities. We have in mind particularly the monitoring of 
movements such as speaking and writing. 
Trevarthen (I968) makes a distinction also in the field of motor 
performance between focal and ambient activities. Perhaps it would 
be more accurate to say that his theory of two mechanisms of vision 
implies a dichotomy in the repertoire of behaviour as a whole. The 
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sensory and the motor parts of processes are regarded as elements 
of focal behaviour such as handling objects on the one hand, and 
ambient behaviour such as transport movements and locomotion on 
the other. Our analysis of Trevarthen's dichotomy lays the emphasis 
on aspects of the stimulus coding system. However, investigation 
into the status of feedback processing again gives rise to the 
question whether the distinction between ambient and focal is 
relevant to the guidance of motor activities. In the first place 
we were inclined to postulate a similar distinction with respect to 
feedback: control of speed, displacement (as in positioning) 
corresponds to the processing of ambient, external signals; whereas 
the control on form qualities of movements (such as in writing 
letters, or in pronouncing words) would be of a focal kind. Our 
second double-stimulation experiment revealed that the interference 
by feedback when an ambient form of behaviour precedes the 
processing of a second signal does not display the same character-
istics as the interference of a first external signal on the second. 
We conclude from this that feedback where it concerns positioning 
tasks ij aealt with at relatively more peripheral loci in the 
system. This constitutes a discrepancy from what we have earlier 
called ambient information processing. We may not, however, draw 
the conclusion that a distinction analogous to the dichotomy 
ambient - focal would not appear to be meaningful where feedback is 
concerned. The research as carried out up to this point, including 
our own experiment, is rather biased towards activities such as 
press-button reactions and jump reactions. Any statement concerning 
feedback based on double-stimulation experiments is indeed of value 
only with respect to ambient motor behaviour. The question seems 
warranted whether the control of focal activities will likewise 
confirm the picture of peripherous, decentralized forms of 
processing or that in the latter form of feedback, analogous to 
the results of Experiment 1, more central processes are involved. 
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Subject 1 , left-handed 
100 . 
hand movements 
stimulus order L-R 
10 20 25 30 
hand movements 
stimulus order Я-L 
10 20 ?5 30 
foot movements 
stimulus order L-R 
10 20 ?b 30 
foot movements 
stimulus order R-L 
10 20 25 30 
Figure 5·'*. Course of RT during and immediately following upon the movement 
stage of the first reaction. On the ordinate are given the mean reaction times 
in milliseconds. On the abscissa are represented the classes into which the 
TM process is subdivided. The dotti line connects the RT data, the drawn 
line connects the RT- data. The r irking on the ordinate indicates the final 
level of RT , i.e. the mean latency of the second reaction following the four 
longest ISIs. 
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Subject 2 , 1< eft-handed 
300 
200 
100 . 
hand movements 
Stimulusorder L-R 
10 20 25 30 
hand movements 
stimulus order K-L 
10 20 25 30 
foot movements 
stimulus order L-R 
10 20 25 30 
foot movemenls 
stimulus order R-I. 
10 20 25 30 
Figure 5·5· Explanation : see Fig. 5-U. 
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Subject 3 , r ight-handed 
hand movements 
st imulus order L-R 
-J 1 l_ 
10 20 ?b 30 
hand movements 
stimulus order R-L 
10 20 25 30 
foot movements 
stimulus order L-R 
10 20 25 30 
foot movements 
stimulus order R-L 
10 20 25 30 
Figure 5-6. Explanation : see Fig. 5·'+. 
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Subject 't , right-handed 
hand movements 
stimulus order L-R 
_l 1 L. 
10 20 25 30 
hand movements 
stimulus order R-L 
10 20 25 30 
foot no vemen t s 
stimulus order L-R 
10 20 25 30 
foot movements 
stimulus order R-L 
10 20 25 30 
Figure 5·7· Explanation : see Fig. 5·',• 
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Chapter 6 
ABTICUIATORY FEEDBACK AND SINGLE-CHAmiELNESS 
6.1. Introduction 
In our discussion on the feedback experiment reported in Chapter 5 
we noted that the relationship between feedback and single-channel-
ness has always been examined in experimental situations where 
the subject reacts with a press-button or a jump reaction of some 
kind. In our terminology reflecting the dichotomy of ambient versus 
focal information processing, tasks of the above kind belong in the 
domain of ambient activities. Just as the perception of external 
spatial information, so the control of such positioning tasks is 
concerned with the spatial discrepancy between planned and actually 
conducted movements. With regard to positioning tasks of this kind, 
the experimental evidence indicates the operation of a control 
process independent of the processing of new signals. The present 
chapter will give an account of an experiment in which we investig-
ated whether the control of another type of motor performance, in 
the present case speech, similarly allows an unimpeded intake of 
new signals. We shall follow Trevarthen (I968) in calling speech 
a typical specimen of psychomotor skill; our opting for speech in 
the present discussion is only preliminary. From a psychological 
point of view the coding of shape information is in important 
respects certainly very similair to the production of speech. In 
both cases we have a process in which specific memory information 
plays an essential part. The combination of features classified as 
constituting an example from the category encompassing all types of 
the letter A, receives the latter code only because we have learnt 
to name the feature combination thus. Similarly, we can only produce 
the appropriate vocalization in giving any particular verbal 
description because we have learnt that this unique set of vocalizat-
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ions will Ъе decoded Ъу a listener in accordance with our intentions. 
The fact that this conception does not necessarily entail a rigid 
speech production process that is monitored by preselected programmes 
has been worked out in detail by Sussman (1972). As more neuro-
anatomical and neurophysiological data became available of the vocal 
apparatus, it appeared that an extensive control system exists for 
the muscle groups involved in speech. This is the reason why Sussman 
supports the notion that speech is produced through realization of 
target positions of mouth, tonque and the motor system of breathing, 
accompanied by closed-loop feedback processes. The selection of 
target positions is determined by the linguistic system within which 
the speaker operates. Here, as we see it, the above mentioned memory 
aspect of focal - and in this case therefore also vocal - information 
production becomes apparent. The effective actualization of the goal 
positions is achieved, according to Sussman, by means of a system of 
feedback loops that are in part cortically and in part subcortically 
localized. The fact that, in contrast to the muscle spindle system 
of the extremities, the muscle spindle system of the tongue lacks 
demonstrable cerebellar projections, although it does pocess 
cerebrocortical projections, indicates a phylogenetically recent 
status of the speech motor system. Moreover, as Sussman remarks, 
speech is involved in other typically cortical activities. To avoid 
any misunderstanding, we note that wherever we mention speech in the 
present chapter, we mean merely the motor aspects of the speech 
production process. The numerous other, especially psycholinguistic, 
factors that play a role in speech are left out of the present 
discussion. 
For the purpose of constructing a psychological model of speech 
control, the present stage of progress in the biological literature 
does not provide conclusive evidence. It is certain, however, that 
continuous control plays a major part. This is confirmed also by 
behavior experiments on distorted auditory feedback (Lee, 1950; 
Fairbanks, 1955)· We believe that the double-stimulation paradigm 
may contribute towards a better understanding of these control 
processes. As far as the evidence goes, there are on the one hand 
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arguments for the thesis that word articulation as a process with 
focal aspects is not feasible without a single-channel principle. 
On the other hand, there are significant indications that the 
control of speech is achieved in subsystems which from a 
neurophysiological viewpoint are independent. On the basis of the 
latter kind of evidence, one·would predict that the processing of 
new signals in a double-stimulation experiment is not hampered by 
speech control. The experiment that will be reported below, 
accordingly has an exploratory purpose. We shall attempt an answer 
to the question whether the coding of new focal stimuli is 
susceptible to an interfering effect caused by giving a vocal 
reaction. 
6.2. Procedure and design of the experiment 
In some important respects, the problem as well as the design of the 
experiment bear an analogy to the feedback experiment reported in 
Chapter 5· Instead of the positioning task that was used as a first 
reaction in the latter experiment we now have the subject react to 
the first stimulus by way of a vocal choice reaction. The stimulus 
alternatives used as S were the letters P, M, and E, that were 
presented on the alpha-numeric display described in Chapter h. The 
subject was instructed to react to the letter Ρ with the vocal 
reaction "periodiek" and with the word "magistraal" to the letter 
M. No reaction was required to the level E. The latter stimulus 
thus served as catch stimulus, i.e. as a means of preventing the 
subject from starting his motor reaction before identification of 
the stimulus had been carried out. The second stimulus presented 
before, during or after the articulatory reaction to S , according 
to a pseudo-random ISI variation , could be the letter A, B, or E. 
The letters A or В were responded to by the subject by means of a 
manual choice reaction with the index finger of his right hand. At 
the appearance of the letter A, he made a jump movement starting 
from a depressed button, serving as rest position, to a goal 
position on the left; at the appearance of a B, he jumped to a 
goal button to the right of the rest position. The distance between 
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rest and goal position was h.5 cm; the diameter of the goal button 
was 1.1 cm. The letter E was also the catch stimulus among the S 
alternatives. The S letters were presented to the left, whereas 
the S letters appeared to the right of a central fixation point 
on the stimulus display. The size of the display was the same as 
described in Chapter k. All stimulus information was presented 
within a frame subtending an angle of 2 horizontally, and of 
о ' 1 20 vertically. The vocal reactions to S were recorded by means 
of a direction-sensitive microphone, which started and stopped 
the counter of articulation time at the onset and offset of the 
çpeech reaction. For reference purposes, all vocal reactions were 
tape recorded. The duration of a trial was 10 seconds. Each trial 
ended with the automatic recording by the paper tape puncher of 
the data obtained in that trial. The sound of the puncher was 
audible to the subject and it served as a warning signal for the 
start of the next trial. Stimulus monitoring and data recording 
equipment were the same as in the experiments described earlier 
(see Chapter h). 
Three male subjects took part in the experiment. None of them had 
served earlier in a similar experiment. Every subject participated 
in ten sessions. The first two of these were regarded as training 
sessions. In each session, four runs of 25 trials were given. A run 
of 25 trials compromised 19 experimental and 6 catch trials. We 
used the following ISI values: 60, l60, 2б0, ЗбО, UGO, 510, 5б0, 
610, 6б0, 710, ТбО, 810, 86θ, 910, 9бО, 1030, 1230, 11+30 and 1б30 
milliseconds. This totals 19 ISIs that were used once in every run. 
Three times a catch stimulus was presented instead of S , with ISIs 
of 2б0, 720 and 11*30 milliseconds and three times instead of S with 
ISIs of 330, 760 and 1630 milliseconds. Within one run, the 19 
experimental and the 6 catch trials were randomized. Counterbalancing 
over a session of 1* runs was applied in order to compensate order-
effects. 
We thus collected for each of the 19 ISIs a total of 8 χ 1+ = 32 
measurements of FT, , of the articulation time of the first reaction, 
of RT 2 and 
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of the movement time of the second reaction. By RT we denote the 
time between the appearance of S and the start of the articulat­
ion process; RT is the time between the appearance of S and the 
moment of leaving the rest position. We also recorded for each 
trial which S and which S had in fact been selected by the 
random generator, which vocal and which manual reaction was made 
by the subject and which was the duration of the ISI set by the 
experimenter. Error reactions were left out of further analysis 
of the data. In none of the subjects was the number of erroneous 
reactions, including anticipatory reactions to catch stimuli, 
greater than 5 percent. 
In answer to the points of criticism that we made to experiments 
published earlier on feedback and single-channelness, in which 
the overlap between the motor reaction to S and the presentation 
of S was estimated from the mean duration of RT , we have 
calculated for each trial separately the overlap between S on the 
one hand and both the decision process and the motor reaction to 
S on the other. To this end, we performed an a posteriori 
division of the data from all the experimental trials into three 
sets. The first set comprised those data for which RT is greater 
than ISI. To these data it applies that S has a partial overlap 
with the stimulus coding and the response selection as regards S 
and a complete overlap with the vocal reaction to S . In order to 
provide a possibility of comparing across ISIs, we calculated for 
every trial in this set the proportional overlap (named p) within 
RT. according to the formula ρ = |=· χ 100, where ρ' = RT. - ISI. 
In Figure 6.1 we provide a schematic representation of the above 
procedure. The second set of experimental trials comprised those 
trials in which S arrived during the articulation process. 
Within this data set, a subdivision was made between Ρ and M data: 
i.e. the trials in which the reaction was the vocalization "perio­
diek" were analysed separateli from those in which the reaction was 
"magistraal". Analogous to the calculation of the proportional tine 
overlap between S and RT , we calculated separately for the Ρ and 
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the M data , the proportional time overlap q of S^ with the 
articulation process expressed in a formula 
=
 al 
TA 
χ 100, where q' = RT + TA - ISI and where TA represents 
the duration of the articulation. 
RT, • TA 
.?'..> I _ _ w _ _ _ . I •q'.-M· 
s¿ 
Figure 6 .1 . Schematic representation of the a posteriori suodivismr of the 
t r i a l s into three t r i a l se ts . The horizontal axis represents time. АЪо е i t , 
the points in time are indicated at which the f i rs t stimulus (S ) arrives and 
at which the spoken reaction to i t (R ) begins. TA indicates the time between 
beginning and end of the articulation process. Below the time axis, three 
different situations have been pictured, depending on the time of appearance 
of S . S stands for a second stimulus that partally overlaps with RT ( p ' ) ; 
S' is a second stimulus coinciding within a vocal reaction to S ( q 1 ) ; S ' ' 
stands for a second signal occurring after the end of the articulation 
process. 
I t was our i n i t i a l i n t e n t i o n to take i n t o account a l so in t h i s 
procedure the i n t e r t r i a l v a r i a t i o n of the a r t i c u l a t i o n t ime. When 
comparing the a r t i c u l a t i o n times measured Ъу means of the voice 
key, t o those on the sound t racks of t h e tape r e c o r d e r , inspected 
with the aid of an o s c i l l o s c o p e , i t appeared t h a t t h e voice key 
c o r r e c t l y i n d i c a t e d the s t a r t of the a r t i c u l a t i o n s , hut not t h e i r 
t e r m i n a t i o n . The chief reason for t h i s was t h a t t h e sound of the 
jump r e a c t i o n t o S r e s t a r t e d the a r t i c u l a t i o n time counter . 
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We therefore decided to use the sound track on the tape recorder 
for obtaining the most reliable estimate of the individual 
articulation times for each subject. For this we used a sampling 
procedure with respect to the data from the first and from the last 
session, in which for each subject and for the separate Ρ and M 
trials, the duration of every tenth vocalization was determined with 
the aid of the oscillogram. The mean of these values was used as the 
parameter for the calculation of q. It may be noted in passing that 
variation in the articulation times within each sample appeared to 
be small so that the procedure will not have led to a gross over-
estimation or underestimation of the real q values. 
The third set of experimental trials comprised those in which Ξ 
arrived after the articulation period. We have deliberately held 
this set of data apart for, in connection with a suggestion by 
Welford (1959), we wished to trace any possible feedback effect 
that might be present after the termination of a motor process. 
This data set is defined by the expression ISI > RT1 + TA (see 
Figure 6.1). For these data, s was calculated, i.e. the time between 
the end of the articulation process and the appearance of S , 
expressed as a proportion of the articulation time expressed in a 
s ' 
formula, s = mV x 100, where s' = ISI - RT - TA and here too were 
used the estimated TA values. This procedure was again applied 
separately for the Ρ and M trials. With regard to the s measure, we 
must note that this is not a real score of overlap, as with ρ and 
q. The greater the value of s, the greater is the distance in time 
from the end of the articulation reaction. Any single-channel effect 
will, with respect to the s data be reflected by a negative 
correlation between s and RT . 
Within each of the trial sets obtained according to the above 
procedure, we have made a further subdivision into percentile 
classes. The reason we did so was to keep at a minimum the change 
of masking any possible effects at the beginning or the end of the 
articulation period through the averaging of data. Within the range 
of overlap of S with RT. (p data) and within the range of S with 
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the articulation process (ч data), a division was made for the ρ 
ала q. values into three percentile classes, while the s values were 
divided into two classes, according to the list Ъelow. 
Data Class Limits Remarks 
A 
В 
С 
D 
E 
F 
G 
H 
P > 
.66 > ρ > 
P < 
q > 
.66 > q > 
q < 
s < 
s > 
.66 
.33 
.33 
.66 
.33 
.33 
.33 
.33 
maximal overlap with ОТ^ 
medium overlap with RT. 
minimal overlap with RT-
maximal overlap with TA 
medium overlap with TA 
minimal overlap with TA 
period of TF, according to 
Weiford 
no overlap with RT , or TA 
Data classification was applied to each of the subjects separately 
within his articulation range as a whole; subsequently it was 
separately analysed for the Ρ and the M trials. For every data set 
we calculated the mean RT , the mean value of the overlapping 
scores and also the product-moment correlation between RT and the 
p, q and s scores, respectively. In Chapter h we explained that 
the analysis of the RT curve is not sufficient for tracing any 
single-channel effects. In that context we made use of the 
correlation between RT.. and RT . In the vocal feedback experiment 
we have, instead of only from RT,, worked from the real overlap in 
each trial. This enables us to make a comparison between the 
decision stage and the articulation stage. In the interpretation 
of the obtained correlations, however, we shall have to take into 
account a possible effect of a restriction-of-range phenomenon. 
Results 
In Figure 6.2 we present for each of the subjects a survey of the 
course of RT across the data sets. The overall picture is the 
same for all subjects. Within the RT.. area (data classes А, В and C) 
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we find clear evidence for single-channelness. The intercept of 
the RTp curve with the Y axis in all cases coincides with a value 
approximately twice as large as the final level reached in classes 
G and H. This implies that with complete overlap, a doubling of 
RT occurs. On inspecting the graph it appears that the negative 
slope does not differ from what we should expect for focal stimuli. 
We should Ъеаг in mind, however, that analysis of the slope of the 
RT curve is a somewhat unreliable procedure. 
The course of RT^ within the range of articulation is quite differ­
ent. There is by no means a sawtooth function. The difference among 
the data classes D, E, F, G and H appear in no single case to be 
significant. A preliminary conclusion that we may draw is that a 
new signal presented during a period of vocal feedback is not 
delayed in its processing. In Figure 6.3 we have presented the 
correlation analysis between the overlap scores and the RT- variat­
ion. As regards the ρ data we again find a confirmation of what we 
found earlier with respect to focal information processing. The 
correlations are positive and in seven out of the nine cases they 
are significant (see Table 6.1). Subject R.S. shows an unexpected, 
non-significant negative value of r for the A data class. The cause 
must be looked for in the variance of ρ values in this data class 
which happened to be exceptionally small. Also the variance of the 
corresponding RT values is relatively small. The latter fact 
supports the single-channel interpretation of the significant 
correlations. 
As regards the range of the q and s trials, the range that is of 
principal interest in the present experiment, the interpretation is 
much more difficult. The correlation coefficient shows a slightly 
declining tendency over the data classes D, E, F and G. The majority 
of the r values, however, is not significant, except in the D class. 
The latter shows a significant correlation in two of the three 
subjects. This would indicate that, in spite of the fact that in 
the mean value of RT 9 for class D there is no refractory delay 
apparent, there is yet a tendency of the RT_ data to be increasingly 
longer under increasingly greater overlap with the articulation 
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process. An explanation of the latter finding in single-channel 
terms is not appropriate because of the horizontal course of the RT 
curve. A possible suggestion may Ъе that speech control occurs to a 
large extent independent of the intake of new signals with the 
exception of short inspection moments at which the central system 
checks on the progress of the process. Such brief "control glances" 
would then, according to our data, occur more frequently at the 
beginning of the articulation process. A similar suggestion was 
made by Tolkmitt (1973) in ' ^tempt to explain the fact that for 
short ISIs also RT -yed. An objection that may be made with 
respect tn +' „^ r explanation is contained in the fact that in 
our W - the reaction to the second signal does not appear to 
bf clayed in data class D. This objection, however, may be 
countered by noting that a refractory delay may be compensated by 
factors with an opposed effect. Bertelson & Tisseyre (1969), basing 
themselves on data from experimental situations in which the 
subject did not react to S , hav demnstrated that the effect of 
an S on an RT comprises three components viz (i) refractoriness; 
(ii) immediate development of preparatory adjustments; (iii) delayed 
development of preparatory adjustments influenced by knowledge of 
regularities governing ISI occurence and by time estimation limitat­
ions. The factor (ii) is reflected by a decreased duration of RT 
for ISIs > 70 milliseconds. We believe it may not be ruled out that 
this factor has masked the refractory effect of the short inspect­
ions (Tolkmitt, 1973) in data class D. 
Our experimental design does not suffice in providing a final answer 
in this matter. Nor is this the case with respect to various other 
aspects of feedback processing. In our experiment the speech 
reactions were always a choice out of two alternatives. It does not 
seem unlikely that the subject would minimali ze the control of 
responses that are overlearnt to such a high degree. Another problem 
is the special status of speech as seen from a physiological aspect. 
An interesting issue seems to us the question to what extent the same 
picture will be found in a focal motor task for which there is a 
great deal less evidence of neurophysiologically independent systems. 
I2U 
A writing task would be a suitable task par excellence. Writing 
clearly is a vocal tracking task with convenient oppertunities for 
variation. Moreover, the recording of such tasks by means of 
electronic equipment no longer causes any problems. The second 
stimulus might then be responded to by foot reactions. Concerning 
the status of feedback, however, we may yet draw the following 
preliminary conclusion. In contrast to the processing of external 
signals, the processing of feedback from ambient tasks does not 
impede the coding of new signals. The same can be said for a focal 
task such as speech. We are hesitant, however, to generalize this 
conclusion to focal tasks in general. Subsequent research 
employing different tasks will have to be conducted to shed light 
on the matter. 
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Table 6.1. Results of the vocal feedback experiment. Trial set 
indicates the stage of the RT. process during which Sp in fact 
occurred, ρ Trials are trials in which Ξ appears during the 
decision stage of S ; q, trials are those in which Sp appears following 
the termination of articulation. The heading data class indicates a 
further subdivision into percentile classes. The symbol "r" stands for 
the product-moment correlation between RTp and the degree of overlap 
of the RT. process with the decision and with the articulation stages of 
the first reaction respectively. 
SUMMARY AND CONCLUSIONS 
If in a reaction-time experiment a subject is presented with a 
second stimulus while he is still engaged in processing an earlier 
stimulus, we will generally observe a delayed reaction to the 
second signal. This phenomenon has become known as the psychological 
refractory period. More recently is has also been called the 
'double-stimulation effect'. The discovery of this effect has played 
a major role in the development of conceptions as to the way in 
which man assimilates sensory information and performs motor react-
ions. Analysis of the phenomenon showed in fact that the most 
adequate representation of the manner in which sensory and motor 
functions are organized is the Single-Channel Model. This is a 
model where all sensory channels converge into one central system 
of input coding and response selection from which motor instructions 
fan out to the muscles. Typical features of the Single Channel are 
a limited processing capacity and the principle of successive 
processing (intermittency). 
In the introduction to our present study we have tried to make 
clear that theorizing with respect to the phenomenon described here 
is a substantial step forward in an already long-lived topic of 
research, i.e. that of the connection between perceptual and motor 
processes. The statement that perception and motor performance are 
closely interrelated components in human and animal behavior is 
readily made in almost every account on the subject. However, the 
matter in which this linkage should be visualized is a matter of 
much greater difficulty.We refer to pioneer work by the Dutch 
researchers De Jaager and Donders who as early as i860 began to 
trace the component processes of psychomotor activities. The results 
of this work have for a long time been covered in dust, also during 
a period in which the relationship between perception and motor 
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skill was investigated mainly by means of factor-analytical methods. 
The failure of the latter procedure coincided with a revival of the 
old experimental tradition, now aided by better equipment and on a 
more adequate conceptual basis. 
The introduction of concepts and models from information theory 
placed the research on psychomotor activities in a much wider 
framework of behavioral science. In this period, starting after the 
Second World War, Welford launched the formalized expression of the 
suggestion made by Craik that with regard to psychomotor tasks man 
functions as a Single Channel with limited capacity. In Chapter 2 
we have outlined some salient points in Single-Channel research. 
First we present a summary of the most important empirical data on 
the effect of double stimulation and subsequently we discuss 
Welford's Single-Channel hypothesis as well as some competing 
explanations. We conclude that the Single-Channel idea has stood the 
test of criticism relatively well. We believe, however, that the 
discussion on the Single-Channel nature of information processing 
has not been brought to a satisfactory conclusion. There is still a 
great deal of empirical obscurity and methodological weakness in the 
existing literature which warrant a more profound analysis of the 
implications of the Single-Channel notion. Our criticism is directed 
not so much to the adequacy of the Single-Channel concept as to the 
proposition that all forms of information processing satisfy its 
lawfulness. 
In order to clarify this position, we attempt in Chapter 3 to relate 
the meaning of Single-Channelness to notions on the way in which man 
encodes stimuli. In our analysis we arrive at the proposition that 
Single-Channelness has to do with the necessity of preventing 
confusion between stimuli rather than with the limited capacity of 
our perceptual system. From this discussion furthermore the suggest-
ion arises, that by no means all stimuli are subject to the danger 
of mutual intrusion. This danger only applies to those stimuli for 
which a code name has to be retrieved from central memory. Apart 
from these there are also in our view perceptual tasks in which 
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no naming of the input occurs but in which a direct translation 
into motor activity takes place instead. As an example we refer to 
the relation between light intensity and diameter of the pupil. 
The pupil diameter adjusts in a continuous fashion to the momentary 
light intensity without making use of learnt mediating codes. 
In our analysis of the relationship between perceptual models and 
the Single-Channel concept, we arrive at the suggestion that in 
instances of information processing distinction must be made between 
on the one hand input processes that bear the properties of pattern 
recognition (feature extraction, hypothesis testing, classificat-
ion), and on the other hand those coding processes which on the 
grounds of an inborn or a learnt analog transformation rule convert 
input values into output values. In our view, the former category 
coincides with what is generally called form perception; the latter 
category embraces chiefly space perception. The suggestion of making 
a distinction of this kind was contained in a series of papers 
stemming from an interdisciplinary background. At a symposium held 
in 1967 at Boston, a group of investigators headed by Trevarthen 
launched the idea that the evolution of the visual system has 
brought about two partially independent perceptual and motor systems. 
The more primitive, ambient system provided an answer to the 
requirements of adequate locomotive and grasping behavior. It is 
found in the most primitive types of animal and is characterized by 
parallelism in organization. In more highly developed animal species, 
as Trevarthen proposes, a centralized focal level of information 
processing has developed. To the latter level Trevarthen ascribes 
the characteristics of the pattern recognition process. 
We consider this break-through in the views on perception to be of 
such great importance that we have given it detailed attention in 
Chapter 3. We arrived at the conclusion that it is worthwhile to 
test the relevance of the distinction between an ambient and a focal 
level of information processing in human psychomotor activities. 
In the Chapters k, 5 and 6 we use the distinction introduced in 
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Chapter 3 between ambient and focal perception in an attempt to 
remove existing contradictions in the Single-Channel literature. 
In Chapter k we thus concentrate on the question whether focal 
stimuli do satisfy Welford's theory while ambient stimuli do not. 
In most of the published research the analyses performed are 
merely concerned with the delay incurred by the second stimulus. 
We propose, however, to test various more precise experimental 
predictions.A delay in the processing of the second of a pair of 
signals might be due not only to Single-Channelness but also to 
noise induction. We assume that the latter applies in the case of 
ambient stimuli. Our predictions are the following: 
a. The converging nature of the Single Channel must, as far as 
focal stimuli are concerned, appear from an effect of identity 
between the first and second stimulus of a stimulus pair. For 
ambient stimuli there is no reason to assume that a repetition 
of the preceding stimulus will result in a smaller delay than 
an S„ that differs from S . Both predictions are confirmed by 
the results of the experiment. 
b. The order of presentation - i.e. stimulation of either the left 
or the right hemisphere by the first stimulus - will not yield 
an effect with focal stimuli, but with ambient stimuli it will 
have an effect on the length of the delay. We derive this 
prediction from neurological findings concerning the properties 
of left and right hemispheres with regard to ambient information 
processing. Also for these predictions we have obtained affirmat­
ive results. 
c. The Single-Channel theory implies a positive product-moment correl­
ation between RT1 and RT in those stimulus conditions where S is 
presented during S. processing. Both for ambient and for focal stim­
uli we analysed the value of г^- „
φ
 at different values of ISI. 
Either type of stimulus yielded predominantly positive values of 
Гот nm for the shorter ISIs, so that from the results of the 
KT-i ,HT 
correlation analysis no conclusive deductions could be made as 
regards the distinction between focal and ambient processes. 
As far as the input of external signals is concerned, we believe we 
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may conclude that the distinction Ъetween focal and ambient stimuli 
phenomenon. If persons are confronted with focal patterns (in our 
case with letters) they react in accordance with a converging channel 
and by a successive mode of processing. In contrast, the presentation 
of ambient tasks (in our case the localization of the position of 
visually presented lines) gives rise to assimilation processes which, 
though they affect one another, are of a parallel type. 
In the Chapters 5 and 6 we investigate whether the dichotomy focal-
ambient may perhaps contribute to classifying the status of feedback 
processes within the study of information processing as a whole. 
In Section 5·1 a clarification of the concept of feedback is first 
attempted. There is even less known about feedback than there is 
about the processing of external information so that application 
of the terms ambient and focal to feedback processes seemed to us to 
be premature. However, we believe we can follow Trevarthen in 
speaking of ambient and focal motor tasks. The experiments dealt 
with in the Chapters 5 and б are specifically concerned with the 
question whether during the performance stage of an ambient motor 
task or of a focal motor task, a blocking occurs of new, external 
signals. With respect to ambient tasks (grasping, pointing, picture 
copying) there is evidence that in the motor performance stage there 
is no blocking of new signals. Having improved the experimental 
procedure and the analysis of the data on a number of points, we 
have conducted a double-stimulation experiment in which a porportion 
of the S stimuli arrived during the motor stage of the first 
reaction. A detailed analysis confirmed our expectation that the 
execution of ambient motor performance leaves the input of a new 
signal undisturbed. This result is in agreement with the comparat­
ively independent position that is assigned to motor control also 
in the neurophysiological literature. Finally, in Chapter б we 
examine the relation between feedback and Single-Channel theory once 
more, though the motor aspects of the task are now focal. We opted 
for a speech reaction-time experiment in which the subject was 
presented with a second stimulus during articulation. Our expectat-
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ions did not favour any specific outcome. One might on the one hand 
predict a tjlocking of new input on account of the focal nature of 
speech production processes, but on the other hand we know from 
neurophysiological research that speech control is achieved in 
relatively independent neural systems. The results confirm the 
viewpoint supported Ъу the latter research: during speech also, new 
signals can be assimilated. 
We lack sufficient data to draw final conclusions on the structure 
of information processing models and on the place in these models 
of the distinction between an ambient and a focal level. We are, 
however, convinced that we have obtained important indications that 
such a distinction may be of elucidative value in the search for 
the basic principles of psychomotor functioning. In the long run we 
envisage the practical relevance of a differentiation between focal 
and ambient aspects in the sphere of designing training and revalid­
ation techniques. At present, however, the course we sail both 
theoretically and practically is determined too much by incomplete 
models of the relation between perception and motor performance. 
Once we can manipulate the appropriate stimulus aspects in appropri­
ate situations, we shall be able to apply feedback and set up 
training schemes with greater succes. 
13!* 
SAMENVATTING EN CONCLUSIES 
Als we in een reactietijdexperiment een proefpersoon gedurende de 
tijd dat hij bezig is met de verwerking van een stimulus een tweede 
stimulus aanbieden, vinden we in het algemeen een vertraagde reactie 
op het tweede signaal. Dit fenomeen is hekend geworden onder de naam 
psychologisch refractaire periode. De laatste tijd wordt het ook wel 
het 'double-stimulation effect' genoemd. De ontdekking van dit 
effect heeft een belangrijke rol gespeeld in de ontwikkeling van 
denkbeelden over de wijze waarop mensen zintuigelijke informatie 
opnemen en motorische reacties uitvoeren. Analyse van het fenomeen 
leerde namelijk dat de meest adequate voorstelling van de wijze 
waarop sensorische en motorische functies zijn georganiseerd het 
Enkel Kanaals-model is. Dat wil zeggen een model waarin alle sen-
sorische kanalen convergeren in één centraal invoercoderings- en 
responsieselectie-systeem vanwaaruit motorinstructies uitwaaieren 
naar de spieren. Dit Enkelvoudig Kanaal wordt voorts gekenmerkt door 
een beperkte verwerkingscapaciteit en door het principe van suc-
cessieve verwerking (intermittency). 
In de inleiding van onze studie hebben we geprobeerd duidelijk te 
maken dat de theorievorming met betrekking tot het hier beschreven 
fenomeen een essentiële stap vooruit is in een reeds lang levend 
onderzoeksthema, namelijk dat van de samenhang tussen perceptieve 
en motorische processen. Dát perceptie en motoriek nauw op elkaar 
betrokken componenten zijn in het gedrag van mens en dier wordt ver-
baal in vrijwel elk werk over dit onderwerp beleden. Echter hóe men 
die betrokkenheid moet voorstellen is een veel moeilijker zaak. We 
refereerden aan pionierswerk van de Nederlandse onderzoekers De 
Jaager en Donders die reeds rond 1860 begonnen te speuren naar de 
deelprocessen van psychomotorische activiteiten. De resultaten van 
dit werk hebben lang onder het stof gelegen in een periode waarin 
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de relatie perceptie en motorische vaardigheid vooral met factor-
analytische methoden werd onderzocht. Het falen van deze laatste 
werkwijze viel samen met een herleving van de oude experimentele 
traditie, met betere apparatuur en een meer geschikt begrippenkader. 
De introductie van begrippen en modellen uit de informatieleer 
plaatste het onderzoek van psychomotorische activiteiten in een 
veel breder kader van gedragswetenschappelijk onderzoek.In deze 
periode, begonnen na de Tweede Wereldoorlog, lanceerde Welford de 
geformaliseerde vorm van het door Craik geopperde idee dat mensen 
met betrekking tot psychomotorische taken functioneren als een 
Enkelvoudig Kanaal met beperkte capaciteit. We hebben in hoofd-
stuk 2 enkele hoofdpunten uit het Enkel Kanaals-onderzoek samen-
gevat. Eerst geven we een opsomming van de belangrijkste empirische 
gegevens over het effect van dubbel-stimulatie en vervolgens 
bespreken we de Enkel Kanaals-hypothese van Welford en enkele 
concurrerende verklaringen. We concluderen dat het Enkel Kanaals-
idee nog het best de toets der kritiek heeft doorstaan. Naar onze 
mening is op dat punt echter de discussie over het Enkel Kanaals-
karakter van informatie verwerking niet definitief afgerond. Er 
zijn nog heel wat empirische onduidelijkheden en methodische zwak-
heden in de bestaande literatuur welke een verdergaande analyse van 
de betekenis van het Enkel Kanaals-idee rechtvaardigen. Onze kritiek 
richt zich daarbij niet op de adequaatheid van het Enkel Kanaal-
concept, maar op de stelling dat alle vormen van informatieverwer-
king aan deze wetmatigheid voldoen. 
Ter verduidelijking van dit standpunt doen we in hoofdstuk 3 een po-
ging de betekenis van het Enkel Kanaals-karakter in verband te 
brengen met opvattingen over de wijze waarop mensen stimuli coderen. 
Bij deze analyse komen we tot de stelling dat het Enkel Kanaals-
karakter eerder verband houdt met de noodzaak verwarring van de 
stimuli te voorkomen dan met de beperkte capaciteit van ons percep-
tiesysteem. Uit deze discussie komt echter ook de suggestie naar 
voren dat lang niet alle stimuli het gevaar van wederzijdse intrusie 
met zich meebrengen. Dit gevaar geldt alleen voor de stimuli waar-
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voor uit een centraal geheugen een coderingsnaam moet worden op-
gehaald. Daarnaast testaan er naar ons inzicht ook perceptieve taken 
waarin geen benoeming van de invoer maar directe vertaling in een 
motorische handeling plaats vindt. Als voorbeeld noemen we hier de 
relatie tussen lichtintensiteit en diameter van de oogpupil. De 
pupildiameter stelt zich continu in op de momentane lichtintensiteit 
zonder dat van geleerde, mediërende codes gebruik wordt gemaakt. 
In onze analyse van de relatie tussen perceptiemodellen en het Enkel 
Kanaals-concept kwam de suggestie naar voren dat in het proces van 
informatieverwerking een onderscheid moet worden gemaakt tussen 
enerzijds invoerprocessen welke de kenmerken dragen van een vormher-
kenningsproces (feature extractie - hypothesetoetsing - benoeming), 
en anderzijds coderingsprocessen, waarbij op grond van een aangebo-
ren of aangeleerde, analoge transformatieregel invoerwaarden in 
uitvoerwaarden worden omgezet. De eerste categorie valt o.i. samen 
met wat meestal vormperceptie wordt genoemd en de tweede categorie 
omvat vooral ruimteperceptie. De suggestie voor een dergelijk onder-
scheid deden we op in een reeks interdisciplinair georiënteerde 
publicaties. Op een symposium in Boston werd in I967 door een groep 
onderzoekers met als voorman Trevarthen de idee gelanceerd dat de 
evolutie van het visuele systeem twee gedeeltelijk onafhankelijke 
perceptieve en motorische systemen heeft voortgebracht. Het meest 
primitieve ambiente systeem was een antwoord op de eis van adequaat 
voortbewegings- en grijpgedrag. Het komt voor bij de meest primi-
tieve diersoorten en kenmerkt zich door parallelliteit in organisatie. 
Bij hoger ontwikkelde diersoorten heeft zich, aldus Trevarthen, een 
gecentraliseerd, focaal niveau van informatieverwerking ontwikkeld. 
Aan dit laatste niveau kent Trevarthen de kenmerken van het vorm-
herkenningsproces toe. 
Wij achtten het belang van deze nieuwe opening in opvattingen over 
perceptie zo groot dat we er in hoofdstuk 3 uitvoerig aandacht aan 
hebben besteed, uitmondend in de conclusie dat het aanbeveling 
verdient de relevantie van het onderscheid tussen een ambient en een 
focaal niveau van informatieverwerking bij menselijke psychomoto-
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rische activiteiten te toetsen. 
In de hoofdstukken h, 5 en 6 gebruiken we het in 3 geïntroduceerde 
onderscheid tussen ambiente en focale perceptie bij een poging 
bestaande tegenstrijdigheden in de Enkel Kanaals-literatuur weg te 
nemen. Wij richten ons daarbij in hoofdstuk k met name op de vraag 
of focale stimuli wél en ambiente stimuli niét voldoen aan de theorie 
van Welford. Terwijl in de meeste publicaties alleen gebruik wordt 
gemaakt van analyse van de grootte van de vertraging op de tweede 
stimulus, stellen wij voor sterkere experimentele predicties te 
toetsen. Een vertraging in de verwerking van de tweede van een 
paar signalen kan niet alleen uit het Enkel Kanaals-karakter maar 
ook uit de ruisinductieprocessen voortvloeien. Bij ambiente stimuli 
veronderstellen wij het laatste. Onze predicties zijn: 
a. het convergerend karakter van het Enkelvoudig Kanaal, voor zover 
het gaat om focale stimuli, moet blijken uit een effect van de 
gelijkenis tussen de eerste en de tweede stimulus van het 
stimuluspaar. Bij ambiente stimuli is er geen reden om aan te 
nemen dat een herhaling van de voorafgaande stimulus een kleinere 
vertraging zal opleveren dan een van S verschillende S . Beide 
predicties worden door de resultaten van het experiment bevestigd. 
b. De volgorde van presentatie - d.w.z. stimuleert men eerst de 
linker dan wel eerst de rechter hemisfeer - zal bij de focale 
stimuli niét en bij ambiente stimuli wél tot verschil in grootte 
van de vertraging leiden. Deze predictie leiden we af uit neuro-
logische bevindingen omtrent de kenmerken van linker en rechter 
hemisfeer m.b.t. ambiente informatieverwerking. Ook voor deze 
predicties vonden we bevestigende resultaten. 
с De Enkel Kanaals-theorie impliceert een positieve product-moment 
correlatie tussen RT. en RT voor die stimulussituaties, waarbij 
S wordt aangeboden tijdens de verwerking van S . We analyseerden 
zowel voor ambiente als voor focale stimuli de waarde van 
г
ізт om fcij verschillende waarden van ISI. Bij beide stimulus-
RT 1,RT 2 
soorten vonden we overwegend positieve waarden voor г,,-,
 D m bij 
1 ' 2 de kortere ISIs, zodat uit de resultaten van de correlatie-analyse 
geen definitieve conclusies m.b.t. het onderscheid tussen focale 
13 
en ambiente processen kunnen worden getrokken. 
Voor zover het de invoer van externe signalen Ъе^еГt, menen we te 
mogen concluderen dat het onderscheid tussen focale en ambiente 
stimuli een bruikbare differentiatie in het dubbelstimulatie fenomeen 
aanbrengt. Worden mensen geconfronteerd met focale vormen (in ons 
geval letters) dan reageren ze als een convergerend kanaal en met 
successieve verwerking, terwijl aanbieding van ambiente opdrachten 
(in ons geval de localisatie van de positie van visueel aangeboden 
streepjes) tot elkaar weliswaar beïnvloedende, maar toch parallelle 
verwerkingsprocessen leidt. 
In de hoofdstukken 5 en 6 gaan we na of de dichotomie focaal-ambiënt 
wellicht ook kan bijdragen tot de verheldering van de status van 
terugkoppelingsprocessen in het geheel van informatieverwerking. 
In 5-1 wordt daartoe eerst een poging gedaan het begrip terug-
koppeling te verhelderen. Over terugkoppeling is nog minder bekend 
dan over verwerking van externe informatie en een toepassing van de 
termen ambient en focaal op terugkoppelingsprocessen leek ons voor-
barig. Wel menen we, m navolging van Trevarthen, te kunnen spreken 
over ambiente en focale motorische taken. De in hoofdstuk 5 en 6 
behandelde experimenten spitsen zich toe op de vraag of tijdens de 
uitvoeringsfase van een ambiente motorische taak, c.q. een focale 
motorische taak blokkering van nieuwe, externe signalen optreedt. 
Ten aanzien van ambiente taken (grijpen, aanwijzen, natekenen) 
bestaan aanwijzingen dat er in de fase van motorische uitvoering 
geen blokkering van nieuwe signalen bestaat. Wij hebben na realise-
ring van een aantal verbeteringen in de experimentele procedure en 
uitwerking van de data een dubbelstimulatie experiment uitgevoerd, 
waarbij een deel van de S -stimuli tijdens de motorische fase van 
de eerste reactie viel. Nauwkeurige analyse bevestigde dat uitvoe-
ring van ambiente motoriek de invoer van een nieuw signaal onge-
moeid laat. Dit resultaat is in overeenstemming met de relatief 
zelfstandige positie welke ook in de neurofysiologische literatuur 
aan motorische controle wordt toegekend. In hoofdstuk 6 tenslotte 
gaan we eveneens in op de relatie tussen terugkoppeling en Enkel 
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Kanaals-theorie, maar nu is de taak in motorisch opzicht focaal. 
We kozen voor een spraakreactietijdenexperiment waarin de pp. tij-
dens het articuleren een tweede stimulus kreeg aangeboden. Onze 
verwachtingen gingen niet lén hepaalde kant uit. Enerzijds zou men 
kunnen pleiten voor een blokkering van nieuwe invoer vanwege het 
focale karakter van spraakproductieprocessen, maar anderzijds leert 
neurofysiologisch onderzoek dat spraakcontrole in relatief zelf-
standige neurale systemen gebeurt. De resultaten bevestigden de 
laatste zienswijze. Ook tijdens spraak kunnen nieuwe signalen worden 
opgenomen. 
Voor definitieve conclusies betreffende de structuur van informatie-
verwerkingsmodellen en de rol van een onderscheid tussen een ambient 
en een focaal niveau lijkt het ons nog te vroeg. Wel zijn wij ervan 
overtuigd belangwekkende aanwijzingen gevonden te hebben dat een 
dergelijk onderscheid verhelderend kan werken bij het zoeken naar de 
basiskenmerken van psychomotorisch functioneren. Op den duur lijkt 
ons een differentiatie tussen focale en ambiente aspecten ook 
practisch relevant als het gaat om het ontwerpen van trainings- en 
revalidatietechnieken. Op dit moment varen we theoretisch en praktisch 
nog te zeer op het kompas van onvolledige theorieën over de relatie 
tussen waarnemen en motoriek. Terugkoppelingsprincipes en trainings-
schema's zouden wellicht met meer succes kunnen worden toegepast 
indien we de juiste stimulusaspecten in de juiste situatie wisten te 
manipuleren. 
lUO 
REFERENCES 
ADAMS, J.A. Motor skills, Annual Review of Psychology, 
196U,_1¿, 181-202. 
AKELAITIS, A.J. A study of gnosis, praxis and language following 
section of the corpus callosum and anterior commissure. 
Journal of Neurosurgery,19UU,1.9^-101. 
ANGEL, A. Cortical responses to paired stimuli applied peripherally 
and at sites along the somato-sensory pathway. 
Journal of Physiology,1967,191,h21-hk8 
ANGEL, A. The central control of sensory transmission and its 
possihle relation to reaction time. In Koster, W.G. (Ed.) 
Attention and Performance II, Amsterdam: North-Holland Pubi. 
Comp.1969 
ANNETT, J. A note on Davis' repudiation of the expectancy 
hypothesis. Quarterly Journal of Experimental Psychology, 
1966,18,179-180 
ANNETT, J. Feedback and human hehaviour. Penguin Books, I969. 
BARNSLEY, R.H. & RABINOVITCH, M.S. Handedness: proficiency versus 
stated preference. Perceptual and Motor Skills.1970,30,ЗЬЗ-Чбг. 
BERLUCCHI, G., SPRAGUE, J.M., LEVY, J. & DIBERNARDINO, A.C. 
Pretectum and superior colliculus in visually guided hehaviour 
and in flux and form discrimination in the cat. 
Journal of Comparative and Physiological Psychology 
Monographs,1972,18,123-
BERLYNE, D.E. Uncertainty and conflict: a point of contact between 
information-theory and behaviour-theory concepts. 
Psychological Review.1957,6U,329-339• 
BERNSTEIN, L.H., CLARK, M.H. & BLAKE, R.R. Sensivity and decisional 
factors in the psychological refractory period. Perception and 
Psychophysics.1970,7,33-37. 
BERTELSON, P. Central intermittency twenty years later. Quarterly 
IUI 
Journal of Experimental Psychology, 1966,J_8,1 53-161*. 
BERTELSON, P. & RENKIN, A. Reaction times to new versus repeated 
signals in a serial task as a function of response-signal time 
interval. Acta Psychological966,25.132-136. 
BERTELSON, P. & TISSEYBE, F. The time-course of preparation: 
confirmatory results with visual and auditory warning signals. 
In Koster, W.G. (Ed.) Attention and Performance. Amsterdam: 
North-Holland Pubi. Comp.1969. 
BOGEN & GAZZANIGA, M.S. Cerebral commissurotomy in man: minor 
hemisphere dominance for certain visuo spatial functions. 
Journal of Neurosurgery, 1965,23,391*-399• 
BORGER, R. The refractory period and serial choice reactions. 
Quarterly Journal of Experimental Psychology,19бЗ,15,1-12. 
BROADBENT, D.E. Perception and Communication. London: Pergamon 
Press,1958. 
BROADBENT, D.E. Decision and Stress. London: Academic Press,1971-
BROADBENT, D.E. & GREGORY, M. Psychological refractory period and 
the length of time required to make a decision. Proceedings of 
the Royal Society,1967,B,volume I68,161-193. 
BRYDEN, M.P. Tachistoscopic recognition, handedness, and cerebral 
dominance. Neuropsychologia, 1965,3., 1-8. 
CERMAK, L.S. CS intensity as a function of the experimental design. 
Psychonomie Science,1967,6,151-152. 
CHASE, R.A., SUTTON, S. & RAPIN, I. Sensory feedback influences on 
motor performance. Communications lab., Columbia University and 
Dep. Biometrics Res., State of N.Y., Research Report. 1959· 
CRAIK, K.W.J. Theory of the human operator in control systems.I. 
The operator as an engineering system. British Journal of 
Psychology,19b7.38.56-61. 
CRAIK, K.W.J. Theory of the human operator in control systems.II. 
Man as an element in a control system. British Journal of 
Psychology, 191*8,38,11*2-11*8. 
CREAMER, L.R. Event uncertainty psychological refractory period, 
and human data processing. Journal of Experimental Psychology, 
1963,66,187-19!+. 
CRONLY-DILLON, J.R. Units sensitive to direction of movement in 
ll*2 
goldfish optic tectum. Nature, 1961*,203,21 ¡t-215. 
CROSSMAU, E.R.F.W. Entropy and choice time: the effect of frequency 
unbalance on choice responses. Quarterly Journal of Εχ-perimental 
Psychology,1953,5,UI-51. 
DAVIS, R. The limits of the psychological refractory period. 
Quarterly Journal of Experimental Psychology,1956,θ,2U-3Ö. 
DAVIS, R. The human operator as a single-channel information system. 
Quarterly Journal of Experimental Psychology,1957,£, 119-129• 
DAVIS, R. The role of "attention" in the psychological refractory 
period. Quarterly Journal of Experimental Psycholosy, 
1959,11,211-220. 
DAVIS, R. Expectancy and intermittency. Quarterly Journal of 
Experimental Psychology,19б5,17,75-78. 
DEMBER, W.N. The Psychology of Perception. New York: Holt, Rinehart 
and Winston,i960. 
DIMOND, S. The Double Brain. EdingVurgh: Churchill Ь Livingstone, 
1972. 
DONDERS, F.C. Over de snelheid van psychische processes (On the 
speed of mental processes). Utrecht,1868. Translated Ъу W.G. 
Koster, In Koster, W.G. (Ed.) Attention and Performance II. 
Amsterdam: North-Holland Pubi. Comp.,1969. 
ELITHORN, A. 8c LAWRENCE, С Central inhibition: some refractory 
observations. Quarterly Journal of Experimental Psychology, 
1955,1,116-127. 
FAIRBANKS, G. Selective vocal effects of delayed auditory feedback. 
Journal of Speech and Hearing Disorders ,1955,20,333-3;<6. 
FITTS, P.M. Factors in complex skill training. In Glaser, R. (Ed). 
Training Research and Education. University of Pittsburgh Press, 
1962. 
FLEISHMAN, E.A. Testing for psychomotor abilities by means of 
apparatus tests. Psychological Bulletin,1953,50,2^1-268• 
FLEISHMAN, E.A. Dimensional analysis of psychomotor abilities. 
Journal of Experimental Psychology, 195I4 ,U8 ,h3T-h^k. 
FLEISHMAN, E.A. Human abilities and the acquisition of skill. 
In E.A. Bilodeau (Ed.). Acquisition of Skill. New York: Academic 
Press,1966. 
11*3 
FLEISHMAN, E.A. Development of a behaviour taxonomy for describing 
human tasks: a correlational-experimental approach. 
Journal of Applied Psychology,1967,51 J-10· 
GALEN, G.P. van. Sensomotoriek. Doctoraal-scriptie. Nijmegen,!965. 
GAZZANIGA, M.S. The split-brain in man. Scientific American, 
1967,217,2I4-29· 
GAZZANIGA, M.S., BOGEN, J.E. & SPERRY, R.W. Some functional effects 
of sectioning the cerebral commissures in man. Proceedings of 
the National Academy of Science (Washington),!962,Ь ,1765-17б9. 
GAZZANIGA, M.S., BOGEN, J.E. & SPERRY, R.W. Observations on visual 
perception after disconnection of the cerebral hemispheres in 
man. Brain,1965,88.221-236. 
GAZZANIGA, M.S., BOGEN, J.E. & SPERRY, R.W. Dyspraxia following 
division of the cerebral commissures. Archives of Neurology, 
1967,l6,6o6-6l2. 
GIBBS, C.B. Servo-Control systems in organisms and the transfer of 
skill. In Legge, D. Skills. Penguin,1970. 
GREENWALD, A.G. A double stimulation test of ideomotor theory with 
implications for selective attention. Journal of Experimental 
Psychology,19T0,8Ц,392-398. 
GRICE, G.R. & HUNTER, J.J. Stimulus intensity effects depend upon 
the type of experimental design. Psychological Review, 
I96I+,11,21+7-256. 
GUILFORD, J.P. A system of psychomotor abilities. American Journal 
of Psychology. 1958,71,16Í-17¡*. 
HAJOS, A. Sens onotorische Koordinationsprozesse bei 
Richtungslokalisation. Zeitschrift für experimentelle und 
angewandte Psychologie, 1968,Ji.,1*35-562. 
HEIN, А. Ь HELD, R. Dissociation of the visual placing response 
into elicited and guided components. Science,1967,158,390-392. 
HELD, R. Dissociation of visual functions by deprivation and 
rearrangement. Psychologische Forschung,1968,31 .ЗЗЭ-З^б. 
HERMAN, L.M. Effects of second signals on response time to first 
signals under certainty and uncertainty. Journal of Experimental 
Psychology,1969,80,10б-112. 
HERMAN, L.M. & KANTOWITZ, B.H. Effects of second signals occuring 
11*1* 
after response selection on responses to first signals. 
Journal of Experimental Psychology.19б9>80,570-572. 
HERMAN, L.M. & KANTOWTTZ, B.H. The psychological refractory period 
effect: only half the double-stimulation story? 
Psychological Bulletin,1970,J3,lh-QQ. 
HERMAN, L.M. & MacCAULEY, M.E. Delay in responding to the first 
stimulus in the "psychological refractory period" experiment: 
comparisons with delay produced by a second stimulus not 
requiring a response. Journal of Experimental Psychology, 
1969,81,31+1+-350. 
HICK, W.E. Discontinuous functioning of the human operator in 
pursuit tasks. Quarterly Journal of Experimental Psychology, 
19W ,1,36-57. 
HICK, W.E. On the rate of gain of information. Quarterly Journal 
of Experimental Psychology,1952,U.11-26. 
HINDE, R.A. Control of movement-patterns in animals. 
Quarterly Journal of Experimental Psychology,1969,21,105-126. 
HOWARD, J.P. Ь TEMPLETON, W.B. Human Spatial Orientation. 
New York: Wiley,1966. 
HUBEL, D.H. & WIESEL, T.N. Receptive fields, binocular interaction, 
and functional architecture in the cat's visual cortex. 
Journal of Physiology. 1962,1б0,106-151*· 
HUMPHREY, N. Seeing and nothingness. New Scientist.1972.682-68U. 
HUMPHREY, N.K. Functional role of the mid-brain visual areas in 
primates. European Training Program in Brain and Behaviour 
Research. Zuoz (Sw.),197!4. 
HUMPHREY, N.K. & WEISKRANTZ, L. Vision in monkeys after removal 
of the striate cortex. Nature,1967,215,595-597. 
HYMAN, R. Stimulus information as a determinant of reaction time. 
Journal of Experimental Psychology, 1953,if¿, 188-196. 
INGLE, D. Two visual mechanisms underlying the behaviour of fish. 
Psychologische Forschung,1967,31,Μ-51· 
INGLE, D. Two visual systems in the frog. Science, 
1973,181,1053-1055-
JAAGER, J.J. de. Reaction Time and Mental Processes (I865), 
Nieuwkoop: B. de Graaf,Dutch classics in history of science, 1972. 
11*5 
JACOBSON, M. ¡с GAZE, R.M. Types of visual response from single 
units in the optic tectum and optic nerve of the goldfish. 
Quarterly Journal of Experimental Physiology, 196U,]*£, 199-209· 
KARLIN, L. & KESTENBAUM, R. Effects of number of alternatives on 
the psychological refractory period. Quarterly Journal of 
Experimental Psychology,1968,20,167-I76. 
KAY, H. & WEISS, A.D. Relationship between simple and serial 
reaction time. Nature,1961,121.790-791· 
KERR, M., MINGAY, R. fc ELITHORN, A. Patterns of reaction time 
responses. British Journal of Psychology,19^3,56,53-59· 
KIMURA, D. Spatial localization in left and right visual fields. 
Canadian Journal of Psychology, 1969,23,1*1+5-1*58. 
KÖHLER, I. Experiments with prolonged optical distortions. 
Acta Psychologica,1955Л ,176-178. 
KORNBLUM, S. Response competition and/or inhibition in two-choice 
reaction time. Psychonomie Science,1965,2,55-56. 
KOSTER, W.G. & BEKKER, J.A.M. Some experiments on refractoriness. 
Acta Psychologica,1967,27,61*-70. 
KOSTER, W.G. & PEACOCK, J.B. The influence of intensity of visual 
stimuli on the psychological refractory phase. In Koster, W.G. 
(Ed.) Attention and Performance.II. Amsterdam: North-Holland 
Pubi. Comp.1969. 
KOVAC, D. & H0RK0VIC, G. On the problem of lateral dominance. 
Studia Psychological9бб.8,28-1*5. 
KOVAC, D. Ь H0RK0VIC, G. Hoe to measure lateral preference.!. 
Studia Psychological970,12,5-Π. 
KRISTOFFERSON, A.B. Attention and psychological time. 
Acta Psychologica,1967,27.93-100. 
LATOUR, P.L. Cortical Control of Eye Movements. Soesterberg: 
Institute for perception RVO/TNO, 1966. 
LEE, B.S. Effects of delayed speech feedback. Journal of the 
Acoustical Society of America, 1950,22,82І*-82б. 
LIBERMAN, A.M., et al. A motor theory of speech perception. In 
Proceedings of the speech communication seminar. Stockholm: 
Royal institute of technology,1962. 
11*6 
MacKAY, D.M. Interactive processes in visual perception. In 
Rosenblith, W.A. (Ed.) Sensory Communication. Cambridge, Mass.: 
M.I.T. Press,1961. 
MacNEILAGE, P.F. The motor control of serial ordering of speech. 
Psychological Review, 1970,11,182-196. 
MAEILL, T. The psychological refractory phase. British Journal of 
Psychology,1957,ЬВ,93-97· 
MELLO, Ν.К. Interhemispheric reversal of mirror-image Obliquelines 
after monocular training in pigeons. Science, 19б5 (a),lU8,252. 
MELLO, N.K. Interocular transfer in pigeon: a comparison of 
colored left-right and up-down mirror-image patterns. 
Proceedings of the American Psychological Association, 
1965 (Ъ), 1,137-138. 
MELLO, N.K. Concerning the interhemispheric transfer of mirror-
image patterns in pigeon. Physiology and Behavio 
1966,1,293-300. 
MEYERS, B. & MacCLEAFY, R.A. Interocular transfer of a pattern 
discrimination in pattern deprived cats. Journal of Comparative 
and Physiological Psychology.196^,57,16-21. 
MICHON, J.A. De perceptie van duur. Nederlands Ti.jdschrift voor de 
Psychologie en haar Grensgebieden,1965.20,391-^18. 
MICHON, J.A. Timing in Temporal Teacking. Soesterberg: Institute for 
perception RVO/TNO, 1967. 
MILLER, G.Α., GALANTER, E. & PRIBRAM, K.H. Plans and the structure 
of Behavior. New York: Holt,1960 
MISHKIN, M. & FORGAY, D.G. Word recognition as a function of 
retinal locus. Journal of Experimental Psychology.1952,it3.^3-U8. 
MOWRER, O.H. Preparatory set (expectancy): seme methods of 
measurement. Psychological Monographs,19^0,52 (2, whole no. 233). 
MURRAY, H.G. Stimulus intensity and reaction time: evaluation of a 
decision theory model. Journal of Experimental Psychology, 
1970,и.,383-391. 
MYERS, R.E. Function of corpus callosum in interocular transfer. 
Brain,1956,12,358-363. 
MYERS, R.E. Corpus callosum and visual gnosis. In Brain Mechanisms 
and Learning. A Symposium .Oxford :B1ftplcwen Scientific Publ.,196l. 
11*7 
NEISSER, U. Cognitive Psychology. New York: Appleton-Century-
Crofts, I967. 
PÖPPEL, E. Excitability cycles in central intermittency. 
Psychologische Forschung,1970,3h,1-9. 
POSNER, M.I. & BOIES, S.J. Components of attention. Psychological 
Review.1971,18,391-Uo8. 
P0ULT0N, E.C. Perceptual anticipation and reaction time. 
Quarterly Journal of Experimental Psychology,1950,2,99-112. 
RABBITT, P. Psychological refractory delay and response-stimulus 
interval duration in serial, choice-response tasks. In Koster, 
W.G. (Ed.) Attention and Performance II. Amsterdam: 
North-Holland Puhl. Comp.,1969. 
REFRAC 1, FORTRAN program for the analysing of double-stimulation 
data, written by Kuijpers, J. and Versteegen, W.H.M. Psych. Lab. 
University of Nijmegen. 
REFRAC 2, Idem, version 2. 
REYNOLDS, D. Effects of double stimulation: temporary inhibition of 
response. Psychological Bulletin, 196^,62,333-3U7. 
RIESEN, A.H. et al. Interocular transfer of habits learned 
monocularly in visually naive and visually experienced cats. 
Journal of Comparative and Physiological Psychology, 
І95З, iti, Ібб-172. 
RUBINSTEIN, L. Intersensory and intrasensory effects in simple 
reaction time. Perceptual and Motor Skills,196U,18.159-172. 
SANDERS, A.F. Selective strategies in the assimilation of 
successively presented signals. Quarterly Journal of Experimental 
Psychology, 1961». 16.368-372. 
SANDERS, A.F. De psychologie van de informatie-verwerking. Den Haag: 
Van Loghem Slaterus,1967• 
SANDERS, A.F. & KEUSS, P.J.G. Grouping and refractoriness in 
multiple selective responses. Acta Psychologica,19б9.30.177-19^· 
SATZ, P., ACHENBACH, K. & FENNELL, E. Correlations between assessed 
manual laterality and predicted speech laterality in a normal 
population. Neuropsychologiн ,19б7,5,295-310· 
SCHNEIDER, G.E. Contrasting visuomotor functions of tectum and 
1U8 
cortex in the golden hamster. Psychologische Forschung, 
1967,31,52-62. 
SEMMES, J. Hemispheric specialization: a possible clue to mechanism. 
Neuropsychologia.1968,6,11-26. 
SLATER-HAMEL, A.T. Psychological refractory period in simple paired 
responses. Research Quarterly, 1958,29,^68-1*81 . 
SMITH, E.E. Choice reaction time: an analysis of the major 
theoretical positions. Psychological Bulletin.1968,69,77-110. 
SMITH, M. Reaction time to a second stimulus as a function of 
intensity of the first stimulus. Quarterly Journal of 
Experimental Psychology, 19б7 (a) ,12., 125-133. 
SMITH, M. Theories of the psychological refractory period. 
Psychological Bulletin,19б7 (b),61,202-213· 
SMITH, M.C. The effect of varying information on the psychological 
refractory period. In Koster, W.G. (Ed.) Attention and 
Performance II. Amsterdam: North-Holland Pubi. Comp.1969. 
SMITH, К.U. & SMITH, W.M. Perception and Motion. Philadelphia: 
Saunders,1962 (a). 
SMITH, K.U. & SMITH, W.M. Delayed Sensory Feedback and Behavior, 
Philadelphia: Saunders,!962 (b). 
SPERRY, R.W. Cerebral Organization and behavior. Science, 
1961,133,171*9-1757. 
SPERRY, R.W., GAZZANIGA, M.S. & BOGEN, J.E. Interhemispheric 
relationships: the neocortical commissures; syndromes of 
hemisphere disconnection. In: Vinken, J.J. & Bruyn, G.W. (Eds.). 
Handbook of Clinical Heurology, Vol. 1*. Amsterdam: North-Holland 
Pubi. Comp.1969. 
SPRAGUE, J.M. The superior colliculus and pretectum in visual 
behavior. Investigative Ophthalmology,1972,11,ί73-ί82. 
STEINGRÜBER, Η. Zur Messung der Hândigkeit. Zeitschrift für 
experimentelle und angewandte Psychologie,1971,18,337-357. 
STERNBERG, S. The discovery of processing stages: extensions of 
Donders' method. In Koster, W.G. Attention and Performance II. 
Amsterdam: North-Holland Pubi. Camp.1969. 
SUSSMAN, H.M. What the tongue tells the brain. Psychological 
Bulletin,1972,77.262-272. 
11*9 
TANNER, W.P. & SWETS, J.A. A decision-making theory of visual 
detection. Psychological Beview,195U,6l,Uoi-U09. 
TELFORD, C.W. Refractory phase of voluntary and associative 
responses. Journal of Experimental Psychology,1931,11*, 1-35· 
TOLKMITT, F.J. A revision of the psychological refractory period. 
Acta Psychologica, 1973,31,139-151*· 
TOLKMITT, F.J. & LUHN, S.E. Psychological refractory period and the 
effect of stimulus discriminahility. American Journal of 
Psychology,1973, In press. 
TREVARTHEN, С Two mechanisms of vision in primates. 
Psychologi s che Fors chung, 1968,31,299-337. 
VINCE, M.A. Intermittency of control movements and the psychological 
refractory period. British Journal of Psychology, 191*8,38,1^9-157· 
VINCE, M. Rapid response sequences and the psychological refractory 
period. British Journal of Psychologyjg^g.^O,23· 
WALLS, G.L. The evolutionary history of eye movements. 
Vision Research,1962,2,69-80. 
WALTER, W.G. The convergence and interaction of visual,auditory, and 
tactile responses in human nonspecific cortex. Annals of the N.Y. 
Academy of Science,196lt.112,320-361. 
WELFORD, A.T. The "psychological refractory period" and the timing 
of high-speed performance: a review and a theory. 
British Journal of Psychology, 1952,1*3,2-19-
WELFORD, A.T. Evidence of a single-channel decision mechanism 
limiting performance in a serial reaction task. Quarterly Journal 
of Experimental Psychology,1959,11,193-210. 
WELFORD, A.T. Single-channel operation in the brain. In Sanders, 
A.F. (Ed.). Attention and Performance.I. Amsterdam: North-Holland 
Pubi. Сотр.,1967. 
WELFORD, A.T. Fundamentals of Skill. London: Methuen,1968. 
WHITE, C.T. Temporal numerosity and the psychological unit of 
duration. Psychological Monographs: General and Applied, 
1963,11. !-37. 
WHITE, M.J. Laterality differences in perception: a review. 
Psychological Bulletin, 1969,72,387-1*05. 
WHITE, M.J.Visual hemifield differences in the perception of letters 
150 
and contour orientation. Canadian Journal of Psychology« 
19T1,25.,20T-212. 
ZUBIF, E.B. & BRYDEN, M.P. Familial handedness and left-right 
differences in auditory and visual perception. 
Neuropsychologia. 1969,1,179-187. 
151 
Curriculum Vitae 
Gerardus Petrus van Galen werd getraren te Haarlem op 11 februari 
19^1· Na het behalen van het gymnasium В diploma in 1959 studeer­
de hij psychologie te Nijmegen. Kandidaatsexamen in 1962 en docto­
raal in 1965· Afstudeervakken waren psychologische functieleer 
(prof.Kremers), psychodiagnostiek (prof.van de Loo) en dierpsycho-
logie (bij prof. Thinès te Leuven). Het onderwerp van de dissertatie 
is voortgekomen uit de belangstelling van de promovendus voor senso-
motorische vaardigheden, aan welk onderwerp ook de doctoraal-scriptie 
was gewijd. In 1966 werd zijn studentassistentschap bij de afdeiinp 
psychologische functieleer van het psychologisch ІаЪога^гіил te 
^jmegen omgezet in een aanstelling als wetenschappelijk medewerker. 
In die functie was hij betrokken bij het onderzoek en het onderwijs 
op het gebied van de psychologische functieleer. Er kwamen publicaties 
gereed over oogmotoriek en over studietoetsen. De promovendus was 
o.m. lid van de universiteitsraad en lid van de academische raad. 
Hij is redactielid van de Psycholoog en redactiesecretaris van het 
psychologisch tijdschrift Gedrag. 
152 
Stellingen 
1 Het door Trevarthen geïntroduceerde onderscheid tussen een fylo-
genetisch ouder,ambientjvisuomotorisch systeem en een jonger, 
focaalj vormherkennend systeem kan in psychologische termen het 
best gekarakteriseerd worden als codering zonder de tussenkomst van 
geheugen en codering met de tussenkomst van geheugenprocessen. 
(dit proefschrift) 
2 Successieve verwerking van focale informatie heeft meer met bescher-
ming tegen stimulusverwarring dan met beperkte kanaalcapaciteit te 
maken. 
(dit proefschrift) 
3 Terugkoppeling over het verloop van motorisch gedrag kan parallel 
geschieden aan de codering van nieuwe, externe signalen. 
(dit proefschrift) 
k Een psychologisch relevante indeling van oogbewegingstypen maakt 
onderscheid tussen bewegingen die het informatie-extractieproces 
met betrekking tot de figuur dienen en oogbewegingen die de explo-
ratie van het visuele veld dienen. 
(Galen, G.P. van St Rameckers, F.Oogbewegingen: een review van registratie-
technieken en een poging tot een funktionele taxonomie. Nijmeegs Tijd-
schrift voor PsycholoRJe, 1971, 12, 163-186.) 
5 De stelling van Smith Ь Smith (I967) dat motoriek in een horizontaal 
vlak t.o.v. de lichaamsas zou worden gestuurd met behulp van een visueel 
detectiesysteem voor verschillen in datzelfde vlak moet worden veranderd 
in die zin dat bewegingen in een horizontaal vlak worden gestuurd door 
detectie van verschillen in een vlak loodrecht op het bewegingsvlak. 
Een analoge correctie moet worden toegepast op de stelling van deze 
auteurs over de sturing van bewegingen in een verticaal vlak. 
(Galen, G.P. van, Sensomotoriek. Doctoraalscriptie. Nijmegen, I965) 
6 De psychologische wet dat keuzereactietijden lineair toenemen met 
de logaritme uit het aantal keuzealternatieven (wet van Hick) gaat 
voor ambiente taken niet op. 
Τ Het voorspellen van psychomotorische prestaties met behulp van 
perceptietests, zoals dat wel gebeurt bij selectieprocedures voor 
muzikale trainingen, berust op een onjuiste theorie over de relatie 
tussen waarneming en motoriek. 
θ De effecten van enerzijds het flexie- of extensiekarakter van 
bewegingen en anderzijds intra- of interhemisferische coördinatie 
op de reactietijd en uitvoeringstijd van plaatsingsbewegingen geven 
aanleiding tot een funktionele verdeling van bewegingen in centri-
fugale (naar de periferie van het gezichtsveld gerichte) en centri-
petale (naar het centrum gerichte). 
9 Er is dringend behoefte aan een systematische training van studenten 
in het gebruik van "ophaalstrategieen" voor wetenschappelijke literatuur. 
10 In de psychologieopleidingen in Nederland wordt het aanleren van de 
vaardigheid wetenschappelijk werk schriftelijk te verslaan ten onrechte 
verwaarloosd. 
11 De toename van het aantal administratieve en beheersfunktionarissen 
ter ondersteuning van de uitvoering van de onderwijs- en onderzoeks-
taak van de universiteit heeft als paradoxaal neveneffect dat de docen-
ten in toenemende mate worden belast met administratieve taken als het 
invullen van staten, enquêtes, formulieren, jaaroverzichten,inventaris-
lij sten ,plattegronden, etc.etc. 

